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FOREWORD 


The Spacelab User Implemeatatlon Assessment Study was cmducted to assess 
and minimize the capital Investment of the National Aeronautics and Space 
Administration for the Integration and checkout of Spacelab payloads such as 
Langley's Advanced Technology Laboratory. The study was conducted by the 
Space Division of Rockwell International Corporation under Contract NASl-12933 
for the Langley Research Center. Mr. F. 0. Allamby was the technical study 
manager for the Langley Research Center. In addition, this study received 
-agency-wide guidance and evaluation from the Steering Group for Payloads 
Operations Concept Studies, directed by Mr. W. 0. Armstrong, to maximize the 
objectivity and applicability of the study data. 

The final report consists of an executive summary and four technical 
volumes as Illustrated in the accompanying figure. A succinct summary of the 
study Is presented in the executive summary. Three of the four technical vol- 
umes present the analyses and trades performed during the course of the study. 
The fourth volume contains five appendixes, which delineate detailed data per- 
taining to the Installation and checkout of Spacelab payloads such as the ATL, 
and a computer cost model utilized In the compilation of programmatic resource 
requirements. The contents of the volumes are described below. 

EXECUTIVE SUMMARY 

* Study overview — objectives, study approach. 

* Synopsis of development of candidate processing concepts — 
complete Spacelab and pallet-only configurations. 

* Summary of Integration and checkout optimizations — 
checkout approach, ground operations processing cycle, 
personnel, ground support equipment and facility 
requirements. 

* Programmatic costing — mission-unique, sustaining, and 
non-recurring cost estimates for required personnel, 
material, travel, documentation, ground support equip- 
ment, and facilities. 

* Concept evaluations — flight-rate sensitivities and 
concept applicabilities. 

VOLUME I. CONCEPT DEVELOPMENT AND EVALUATION 

* Coiq>lete Spacelab processing concept developn^nt. 

* Pallet-only processing concept development. 
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EXECUTIVE 

SUMMARY 


• Study Objectives 

• Significant Results 

• Recommendations 




CONCEPT 

DEVELOPMENT 

& 

EVALUATION 


VOLUME I 




• Candidate Processing Concepts 

• Integration & Checkout Task Descriptions 

• Processing Optimizations 

• Concept Evaluations 


CONCEPT 

OPTIMIZATION 


• Support Function Requirements 

• Responsibility Assignments 

• Test Philosophy 

• Checkout Approach 


• Checkout Requirements 

• Integrated Test and 

Operations Flows 


VOLUME II 






RESOURCE 

REQUIREMENTS 

DEVELOPMENT 


• Mission-Unique Requirements 
•Sustaining Requirements 

• Non-Recurring Requirements 

• Programmatic Costs 


VOLUME III 






APPENDIXES 
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TIME 

ESTIMATES 
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CHECKOUT 
FLOW TIME 
ESTIMATES 
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SUMMARY 
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SYSTEM COST 
MODEL 
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* lesulta of study optlmlzatioas In the areas of checkout 
refulrcaents, slnulator utlllsatloa, and configurational 

changes. 

* Flight-rate sensitivities — flight hardware, GSE, facility, 
and personnel. 

* Concept evaluations — integration center/laimch site 

CO- location, support module cognizance, VTIR implications, 
general applicability, recoosiended ATL approach. 

VOLUME II. CONCEPT OPTIMIZATIONS 

* Supporting functions — development, definitions, and 
responsibility assignments. Identifies potential 
software applications. 

* Test requirements — checkout approach and requirements, 
test philosophy, and envlronaiental test requirements. 

* Teat and operations sequence — development of functional 
flows, detailed operations, activity data sheets, and 
Integrated flows for both the complete Spacelab and 
pallet-only processing concepts. 

VOLUME III. RESOURCE REQUIREMENTS DEVELOPMENT 

* Requirements for mission-unique, sustaining, and non- 

. recurring resources — Includes personnel, travel, trans- 
portation, material, documentation, GSE, and facilities. 

* Prograimnatic costing — presents cost estimates for all 
resource requirements. 

* Cost-risk analysis — parametric evaluation of deletion 
of vlbra-acoustlc, thermal-vacuum and repeat functional 

tests. 

VOLUME IV. APPENDIXES A, B, C, D, AND E 

* Appendix A. Experiment Installation Time Estimates - Time 
estimates of the required experiment installation activities 
including (1) physical installation of experiment hardware 
in a rack, igloo, or on a pallet; (2) performance of elec- 
trical bonding checks; (3) complete mechanical interconnec- 
tion Including fluid and electrical lines; and (A) performance 
of end-to-end continuity checks between the experiment con- 
nector and the Interface connector at. the experiment module/ 
pallet, support module/experlnent module or igloo Interfaces. 

* Appendix B. Experiment Checkout Flew Time Estimates - The 
general experiment checkout flow plus the time estimates for 
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each individual experiment In the ATL experiment complement. 

These time estimates detail the time required for: 

- Equipment setup and activation. Including 
controls and display equipment. 

- Verification of the operation of mechanical 
devices of both pallet and rack-mounted 
sensors and auxiliary equipment. 

- Verification of data processing/recording 
equipment and Instrumentation concurrent 
with checkout of the experiments. 

* Appendix C. Experiment Sunrnary - A summary of the require- 
ments and equipment utilized for each experiment Included in 
the study. The experiments are listed by discipline. 

- Navlgati<xi 

- Earth Observations 

- Physics and Chemistry 

- Microbiology 

- Environmental Effects 
Components and Systems Testing 

The summary for each experiment Includes the objectives or 
purpose, the description of the equipment utilized, the 
operation of the equipment, and the physical parameters of 
mass properties and equipment installation location (pallet, 
rack, igloo). 

* Appendix D, Activity Data Sheets - Detailed definitions of 
the test operations associated with each activity defined in 
the expanded functional blocks (detailed functional floi^s). 

The activity data sheets describe the operations involved 

and the resources utilized to accomplish the processing cycle. 

They cover the entire cycle from initial experiment installa- 
tion through the various integration levels (Experiment, III; 

Spacelab, II; Orbiter Cargo, I), and the refurbishment of the 
pallets, racks and/or igloos, following the completion of the 
mission. 

* Appendix E. System Cost Model - Description of computer cost 
model utilized in the study to compile the derived resource 
requirements into mission-unique, sustaining, and non-recurring 
cost categories. 

Within each volume, the term "concept" is used repeatedly and data are 
presented with respect to Concepts I through VIII. The concepts referred to 
pertain to alternate integration and checkout approaches for both the complete 
Spacelab (support module, experiment module, and pallet) and the pallet-only 
Spacelab configuration. The following two tables define, in general terms, 
each of the eight processing concepts that were definitized in this study. 
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Complete Spaoelcb Proceeaing Cancepta 



Owner | 

Integration Site 

Concept 

Support 

Module 

Experiment 

Module 

Pallet 

Experiment 

Equipment 

Spacelab 

I 

IC 

IC 

IC 

IC 

IC 

II 

LS 

IC 

IC 

IC 

LS 

III 

LS 

IC 

IC 

User 

LS 

IV 

LS 

User 

User 

User 

LS 

V 

User 

User 

User 

User 

User 


Pallet-Only Processing Concepts 



Owner 

Integration Site 

Concept 

Pallet 

Igloo* 

Experiment 

Equipment 

Spacelab 

VI 

IC 

LS 

User 

LS 

VII 

IC 

LS 

IC 

LS 

VIII 

User 

LS 

User 

LS 


*Support system Igloo and equipment 
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CONTENTS 

EXPERIMENT INSTALLATION TIME ESTIMATES 

Payload No. 1 Installation Flows 
Payload No. 2 Installation Flows 
Payload No. 3 Installation Flows 


Page 


A-3 , A-6 
A- 7, A-9 
A- 10, A- 12 


EXPERIMENT CHECKOUT FLOW TIME ESTIMATES 
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Microwave Interferometer 






B-4 

NV-2 

Autonomous Navigation . 
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NV-3 

Multipath Measurements 






B-6 
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Lidar Measurements 
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Tunable Lasers 
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Multispectral Scanner . 
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Radiometer .... 
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Aerosol Properties 
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Opacity 
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MB-5 

Bio Cell Properties 
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Micro-Organism Sampling 
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EN-2 

Material Fatigue 
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Non-Metalllc Materials Degradation 
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• 


• 



B-30 
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APPENDIX A 

EXPERIMENT INSTALLATION TIME ESTIMATES 


Appendix A is the detailed time estimates of the required Installation 
activities. To facilitate their use In other study activities, these esti- 
mates have been grouped by payload. The following assumptions were made 
concerning the experiment module racks and Igloo plus the pallet. 

1. Racks have been previously refurbished and reconfigured. 

All experiment equipment from previous flights has already 
been removed. 

2. The rack Is accessible from all sides for equipment 
Installation. 

3. The pallet Is an open framework which has already been 
stripped of previous flight equipment. 

4. The necessary mounting brackets, cables and wire runs required 
for each experiment have previously been Installed. 

The Itistallatlon times listed for each experiment are the times required 
to accomplish the following. 

1. Physically Install the new experiment hardware package In a 
rack. Igloo, or on a pallet. 

2. Perform an electrical bonding check of completed mechanical 
connections. 

3. Complete mechanical Installation and tiedown. Including connec- 
tion of fluid (coolant loop) lines. 

4. Perform an end-to-end continuity check of the wiring between 
the experiment connector and the Interface connector at the 
experiment module/pallet (EM/P), support module /experiment 
module (SM/EM) , or Igloo Interface. 

The experiment complement for the three missions utilized In the SUIAS 
study are defined In Table A-1. Mission 1 utilizes a 50-foot (approximate) 
pallet and Igloo (non-habit able volume) In the cargo bay. Experiment support 
equipment for this payload configuration Is located either In the Orblter 
or In the pallet-mounted Igloo. Missions 2 and 3 utilize the Spacelab Installed 
In the cargo bay as an Integral unit. The experiment support equipment for 
these two concepts Is Installed In either the SM or EM. 
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Table A-1. ATL Payload Groupings 


NAVIGATION 

NV-1 

NV-2 

NV-3 

Microwave Interferometer 
Autonomous Navigation 
Multipath Measurements 

Mission Number 

1 

2 

3 

X 


X 

X 

EARTH OBSERVATIONS 




EO-1 

Lidar Measurements 



X 

EO-2 

Tunable Lasers 

X 



EO-3 

Multispectral Scanner 


X 


EO-4 

Microwave Radiometer 



X 

EO-5 

Laser Ranging 

X 



EO-6 

Microwave Altimetry 


X 


EO-7 

Search and Rescue Aids 



X 

EO-8 

Imaging Radar 



X 

EO-9 

RF Noise 

X 



PHYSICS AND CHEMISTRY 




PH-1 

Wake Dynamics 


X 


PH-2 

Barium Cloud Release 

X 


X 

PH-3 

Aerosol Properties 

X 

X 


PH-4 

Neutral Gas Parameters 

X 


X 

PH-5 

Radiation Environment 

X 



PH-6 

Meteor Spectroscopy 


X 

X 

I MICROBIOLOGY 




MB-1 

Colony Growth 

X 

X 

X 

MB-2 

Micro-Organism Transfer 


X 


MB-3 

Biological Cell Electrical Field 





Opacity 

X 



MB-4 

Bio Cell Electrical Characteristics 


X 


MB-5 

Bio Cell Properties 


X 


ENVIRONMENTAL EFFECTS 




EN-1 

Micro-Organism Sampling 

X 

X 

X 

EN-2 

Material Fatigue 


X 


EN-3 

Non-Metallic Materials Degradation 


X 

X 

coMPcamiTS 

AND SYSTEMS 




CS-2 

Zero-Gravity Steam Generator 


X 


XST- 

Contamination Monitor 

X 

X 

X 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


> 

jL 


Inv-1 1 navigation experiment 

n INSTALLATION PREPARATIONS 
^INSTALL WIRE HARNESS 
^ IN STALL ELECTRONICS 
^ IN STALL BUFFER 

I I INSTALL PHASE RECEIVERS 
[] CLOSE OUT & SECURE 


FORKING 

DAYS 


JV-21 NAVIGATION EXPERIMENT 

t INSTALLATION PREPARATIONS 
' INSTALL WIRE HARNESS 

1 INSTALL COMPUTER 
] CLOSE OUT & SECURE 


Qeo-1, earth observation experiment 

[IfNSTALLATION PREPARATIONS 
^INSTALL WIRE HARNESS 
^INSTALL DATA PROCESSING EQUIPMENT 
Q CLOSE OUT & SECURE 


lEO-7. -8 1 EARTH OBSERVATION EXPERIMENT 

INSTALLATION PREPARATIONS 
' install wire harness 

INSTALL FREQUENCY METER 
I INSTALL ELECTRONICS (EO-7) 

INSTALL ELECTRONICS (EO-8) 

CLOSE OUT & SECURE 



PAYLOAD 1 INSTALLATION 
IGLOO-MOUNTED HARDWARE 


1pH-6 I PHYSICS & CHEMISTRY EXPMT 


[] INSTALLATION PREPARATIONS 
~~\ INSTALL WIRE HARNESS 
‘""r I INSTALL SENSORS 

■■ CLOSE OUT & SECURE 
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> 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


/^WORKING 
^ DAYS 


NV-1 I NAVIGATION EXPERIMENT 


(] INSTALLATION PREPARATIONS 
"I INSTALL WIRE HARNESS 

I INSTALL ANTENNA/MOUNT ASSEMBLY 


1 NAVIGATION EXPERIMENT 


[] CLOSE OUT 4 SECURE 

I NV-2 

n INSTALLATION PREPARATIONS 
|~1 INST ALL WIRE HARNESS 
I I INST AL PEDESTAL MOUNT 

' I INSTALL INERTIAL PLATFORM 

I INSTALL STARFIELOAANDMARi; TRACKER 
INSTALL GROUND TRACKER 
I ALIGNMENT 
1 CLOSE OUT i SECURE 



PHYSICS & CHEMISTRY EXPERIMENT 

I INSTALLATION PREPARATIC.NS 
1 INSTALL WIRE HARNESS 
1 INSTALL BOOM 

^INSTALL SUPPORT ELECTRi.NICS 
I INSTALL CANISTER 

llNSTALL MOLECULAR BEAM 
I INSTALL ION SOURCE 

1 INSTALL SENSORS ON BOOM 
ICLOSE our B SECURE 


lEN-3 1 ENVIRONMENTAL EFFECTS EXPERIMENT 
Qinstallation preparations 
ll install WIRE harness 

I I INSTALL SENSORS 
^):L0SE out 4 SECURE 

r EO-r ~~l EARTH OBSERVATION EXPERIMENT 

niNSTALLATION PR£.■^RAriONS 
T INSTALL WIRE HARNESS 
I I INSTALL LfOAR SYSTEM 

INSTALL RECEIVING TELESCC P£ 

I INSi ^LL CINE CAMERA 
ALIGNMENT 
CLOSE OUT 4 SECURE 

EO-4 I EARTH OBSERVATION EXPERIMENT 

IN5TALLA7JON PREPARATICNS 

install wire harness 

INSTALL ANTENNA ASSEMBLY 
INSTALL RADIOMETER 
CLOSE GUT 4 SECURE 


X?R COMPONENTS & SYS EXPMT 

INSTALLATION PREPARATIONS 
INSTALL WIRE HARNESS 
INSTALL SENSORS 
CLOSE our 4 SECURE 



"1 I N 

1 ' 



EQ’7 & EO-8 


PAYLOAD 1 INSTALLATION 
PALLET-MOUNTED HARDWARE 


EARTH OBSERVATION EXPERIMENT 


(JjNSTi-LLATION PREPARATIONS 
^ INSTALL WIRE HARNESS 

INSTALL antenna MOUNT 

INSTALL radar electronics 

install antenna 


U close CUT 4 SECURE 

I PH-2 I PHYSICS & CHEMISTRY EXPERIMENT 

Qinstallatign treparaticns 
|1 install wire harness 

INST ALL MOUNTING ®LATE 
1 ilNSTALL SENS'. R ASSEM6L- 
y CLOSE OUT 4 SECURE 

\ 


Space Division 

Rockwell International 




Space Division 
Rockwell International 



WORKING DAYS 


□ INSTALLATION PREPARATIONS 
r~" T INSTALL WIRE HARNESSES 

I — I INSTALL REFRIGERATOR 
I — I INSTALL TAPE RECORDER 
I — I INSTALL AIR SAMPLE UNIT 
□ INSTALL OSCILLOSCOPE 
I — I INSTALL STRIP CHART RECORDER 
I I INSTALL OPTICAL RECORDER 
□ INSTALL TIMER PANEL 
□ INSTALL SPECTRUM ANALYZER 

r~l INSTALL TV/CONTROL CONSOLE 

f i INSTALL TELESCOPE & CONSOLE 
I — I INSTALL TAPE RECORDER 

f~ I INSTALL C/D CONSOLES 
I — ^1 STORE CAMERAS 

□ CLOSE OUT & SECURE 


PAYLOAD 1 INSTALLATION 
ORBITER (PSS) MOUNTED HARDWARE 


A-6 


SD 74-SA-0156 
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EXPERIMENT MODULE-MOUNTED HARDWARE 


NV-3 NAVIGATION 


EARTH OBSERVATION 


EO-5 EARTH OBSERVATK N 


WORKING 

DAYS 


EARTH 'USER VAT ION 


PH-2 PHVSiCS & a-EMiSfR/ 


PH-4 PHVSICS & CHEMiSTRV 


PH<-SICS «. CHEMISTRY 


T PALLET-MOUNTED HARDWARE 

1 NV-3 I NAVIGATION 


PHVSICS & CHEMISTRY 


□ MB-I, MICRCBlObOG'- 


EO-9 EARTH OBSERVATION 


MH-3 MICR'.: BIOLOGY' 


EO-5 EARTH OBSERVATION 


EN-1 ENVIRC N. EFFECTS 


EARTH OBSERVATION 


?hC2 ^ '■Hi sics & CHEMISTRY 


PH'-S'CS A CHEMISTR'-' 


EE] 


COMPONENTS & SYS. 


P^^-5 PHVSiCS B. CHEMISTRY 


XST- COMPONENTS & SYS. 


PAYLOAD 2 installation Fl.OW 


Space Division 
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Space Division 
Rockwell International 


WORKING DAYS 


6 7 8 


NV-3 I NAVIGATION EXPERINIENT 

INSTAUATION PKEPARATIONS 
n INSTALL WIRE HARNESS 
~n INSTALL C/D CONSOLE 
j] INSTAU ELECTRONICS 
‘‘P INSTALL RECEIVER 
^ INSTAU tape recorder 
T CLOSE OUT & SECURE 


EARTH OBSERVATIONS EXPMT 


I INSTALLATION PREPARATIONS 
|| IN STALL WIRE HARNESS 
Deinstall c/d panel 
jllNSTAU RECEIVBt 
[] INSTAU POWER SUPPLY 
(JiNSTALL TV MONETOR 
^NSTALL TV CAMQtA 
^INS TAU TAPE RECORDER 
I [ ALIGNMENT 

h CLOSE OUT & SECURE 


EO-5 I EARTH OBSERVATIONS EXPMT 

I INSTALIATION PREPARATIONS 
I] INSTAU WIRE HARNESS 
INSTALL LASER 
[llNSTAU EL£CTRONICS 
INST ALL C/D CONSOLE 
I I A LIGNMENT 

h INSTALL TAPE RECORDER 
^ INSTAU/STOW STILL CAMSIA 
n CLOSE OUT & SECURE 


PH-3 I PHYSICS & CHEMISTRY EXPERIMENT 

INSTALLATION PREPARATIONS 
I INSTA U WIRE HARNESS 
1 jlNSTAU CCNSOLE/CRYOGENICS 

yiNSTAU AEROSOL/ION GENERATORS 
^INSTAU WATER VAPCR SOURCE 
y ^INSTALL ENVIRONMENTAL CHAMBER 

\ ] INSTAU/STOW LIGHT SOURCES 

\ ^ MOUNT C/D PANEL 

\ INSTAU INSTRUMENTATION SENSORS 

\ MICROSCOPE 

\ ^STCW CINE CAMERA 

\ ^STOW STILL CAMERA 

\ y CLOSE OUT & SECURE 

\ lPH-5 I PHYSICS & CHEMISTRY EXPMT 

\ n INSTALLATION PREPARATIONS 

\ I [IN STAU WIRE HARNESS 
\ ’ I [i nstall CHARGED PARTICLE DETECTOR 

\ I I INSTALL CRYC SYSTEM 

\ yiNSTAU C/D CONSOLE 

\ ^ INSTALL GAMMA RAY SPECTROMETER 

\ ^ INSTALL NEUTRON SPECTROMETER 

\ ^ INSTAU ION CHAMBER 

\ FiNSTALL LOGIC SYSTEM 

\ ^INSTALL A/D CONVERTER 

\ iJpORE FILM BADGES 

\ [1 STORE DOSIMETER 

\ mNSTAU SUPERVISOR SYSTEM 

\ n CLOSE OUT & SECURE 


EARTH OBSERV EXPMT 


IlNSTALLATION PREPARATIONS 
|~[ INSTALL WIRE HARNESS 
|~[ INSTA U C/D PANEL 

I [i nstall telescope 
(I install tape recordw 


IJ CLOSE OUT & secure 

PH-2 I PHYSICS & CHEMISTRY EXPMT 

INSTALLATION PREPARATIONS 
"I INSTALL WIRE HARNESS 
I I INSTALL C/C CONSOLE , 

jJlNSTALL POINTING TELESCOPE 
1 STOW FRAMING CAMERA 
H CLOSE OUT & SECURE 


_PH-A I PHYSICS & CHEMISTRY EXPA/JT 

INSTALLATION PREPARATIONS 
n INSTALL WIRE HARNESS 
~T] INSTALL C/D PANEL 

1 I INSTALL TAPE RECORDER 
n INSTAU COMPUTER 
\[ INSTALL OSCILLOSCOPE 
^INSTALL DATA PROCESSOR 
|| CLOSE OUT & SECURE 


□mb-1 microbiology experiment 

QINSTAUATION PREPARATIONS 

^INSTALL REFRIGERATOR 
^ STORE EXPERIMENT CONTAINER 
y CLOSE OUT a. SECURE 

y I MB-3 I MICROBIOLOGY EXPMT 

\ HjINSTALLATION PREPARATIONS 
\ l| INSTALL WIRE HARNESS 
\ n install STORAGE COMPARTMENT 
\ ^INSTALL INCUBATOR 

1 INSTALL VOLUME SPECTROMETER 
ijlNSTALL COULTER COUNTER 
^INSTALL REFRIGERATOR 
^ INSTALL ELECTRONIC SENSOR 
I STORE MICROSCOPE 
1 STORE CAMERA 
|1 CLOSE OUT & SECURE 


PAYLOAD 2 INSTALLATION 
EM-MOUMTED HARDWARE 


I EN-T~I eNVIR0N. effects EXPMT 

[IlNSTALLATION PREPARATIONS 
“] INSTALL WIRE HARNESS 
[] INSTALL C/D CONSOLE 
"[install REFRIGERATOR 
[I INSTALL TIMER 
y INSTALL AIR SAMPU UNITS 
y CLOSE OUT & SECURE 

|XST-| COMPONENTS & SYS. EXPMT 

[llNSTAUATION PREPARATIONS 
|[ INSTALL WIRE HARNESS 
INSTALL C/0 PANEL 
RCLOSE out & SECURE 


SD 74-SA-0156 














Space Division 
Rockwell International 


WORKING DAYS 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


f NV-3 I NAVIGATION EXPERIMENT 

fl tNSTALLATiON PREPARATIONS 
INSTA LL WIRE HARNESS 
T ^ INSTALL ANTENNA & MOUNT 


rcni 


COMPONENTS & 
SYS. EXPMT 


II CLOSE OUT & SECUKE 

I EO-9 I EARTH OBSERVATION EXPERIMENT 

NSTALLATtON PREPARATIONS 
I INSTALL WIRE HARNESS 

INSTALL ANTENNA MOUNT 
[ INSTALL ANTENNA 

IaLIGN INSTRUMENTS 
IJCLOSE OUT & SECURE 

EO-^ I EARTH OBSERVATION EXPERIMENT 

RiNSTALLATION PREPARATIONS 
TjlNSTALL WIRE HARNESS 
^ INSTALL REFLECTOMHER 
^INSTALL TRACKER 

I INSTALL TV CAMERA 


n INSTALLATION PREPARATIONS 
“I INSTALL WIRE HARNESS 
I [I NSTALL SENSORS 

ICLOSE OUT 3. SECURE 



^INSTA I 

H' 


ALIGNMENT 
CLOSE OUT & SECURE 

EO^ I 


EARTH OBSERVATION EXPERIMENT 


n INSTALLATION PREPARATIONS 
“[INSTAU WIRE HARNESS 
I [INS TALL LASER 

IINSTALL POWER SUPPLY 
INSTALL CRYOGENICS 
INSTALL BOOM 

Ialignment 


"(jcLOSE OUT A SECURE 

I PHYSICS & CHEMISTRY EXPERIMENT 

INSTALLATION PREPARATIONS 
I INSTALL WIRE HARNESS 
INSTALL MOUNTING PLATE 
I INSTALL SENSOR ASSEMBLY 
JCLOSE OUT & SECURE 

PH-4 I PHYSICS & CHEMISTRY EXPERIMENT 

NSTALLATION PREPARATIONS 
INSTALL WIRE HARNESS 
INSTALL BOOM 

INSTALL SUPPORT ELECTRONICS 
INSTALL CANISTER 

INSTALL MOLECULAR BEAM 
INSTALL ION SOURCE 

INSTALL SENSORS ON BOOM 



PAYLOAD 2 INSTALU\TION 
PALLET-MOUNTtD HARDWARE 


|] CLOSE OUT & SECURE 

I PH-5 I PHYSICS & CHEMISTRY EXPERIMENT 

IjlNSTALUTlON PREPARATIONS 
INSTALL WIRE HARNESS 
"1 IN STALL ION SOURCE /CHAMBER 

~~[ INSTALL CHARGED PARTICLE DETECTOR 
ti'NSTALL CRYO SYSTEM 
] CLOSE OUT & SECURE 


A-9 


SD 74-SA-0156 
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> 

o 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


EXPER IMENT MODULE-MOUNTED HARDWARE 

EO-3 1 EARTH OBSERVATION 


WORKING 

DAYS 


EO-6 


[ 


EARTH OBSERVATION 

I PHYSICS & CHEMISTRY 


PH-3 


I PH-1 I PHYSICS & CHEMISTRY 

PHYSICS & CHEMISTRY 


PH-6 


EN-1 


EN-2 


PALLET-MOUNTED HARDWARE 

EARTH OBSERVATION 


ENVIRONMENTAL EFFECTS 

I ENVIRONMENTAL EFFECTS 
|EN-^ ENVIRONMENTAL EFFECTS 

I XSr- I COMPONENTS & SYSTEMS 

I CS-2 ] COMPONENTS & SYSTEMS 
□ MB-1, MICROBIOLOGY 
MB-4 \ MICROBIOLOGY 

QmB-2, MICROBIOLOGY 
QmB-5, MICROBIOLOGY 


EO-3 


EO-6 


] EARTH OBSERVATION 
I PFM I PHYSICS & CHEMISTRY 


EN-3~| ENVIRONMENTAL EFFEaS 

I XSI- \ COMPONENTS & SYSTEMS 


PAYLOAD 3 INSTALLATION FLOW 


Space Division 

Rockwell International 
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Rockwell International 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


lEOn EARTW OBSERVATION EXPERIMENT 


n INSTALLATION PREPARATIONS 
n INSTALL WIRE HARNESS 
[1 INSTALL C/D CONSOLE 
[llNSTALL DATA PROCESSOR 
^ INSTALL TAPE RECORDER 
y CLOSE OUT & SECURE 

I EO-6 ~l EARTH OBSERVATION EXPMT 

[IjNSTALLATION PREPARATIONS 
|[ IN STALL WIRE HARNESS 
I I I NSTALL ALTIMETER ELECTRONICS 
|~| INSTALL C/D CONSOLE 

INSTALL OPTICAL RECORDER 
INSTALL TV MONITOR 
^ INSTALL OSCILLOSCOPE 
** INSTALL SPECTRUM ANALYZER 
STOW STILL CAMERA 
CLOSE OUT 4 SECURE 




PH-3 


PHYSICS & CHEMISTRY EXPMT 


INSTALLATION PREPARATIONS 
INSTALL WIRE HARNESS 

INSTALL CONSOLE/CRYOGENICS 
LinSTALL AEROSOL/ION GENERATORS 
INSTALL WATER VAPOR SOURCE 
INSTALL ENVIRONMENTAL CHAMBER 
INSTALL/STOW LIGHT SOURCES 
MOUNT C/D PANEL 
INSTALL INSTRUMENTATION SENSORS 
STOW MICROSCOPE 
I STOW CINE CAMERA 
STOW STILL CAMERA 
I CLOSE OUT 4 SECURE 

fPH-1 1 PHYSICS & CHEMISTRY EXPMT 

([installation preparations 

I NSTALL WIRE HARNESS 
I I INSTALL C/D CONSOLE 
y^lNSTALL DATA PROCESSOR 
n INSTALL TAPE RECORDER 
CLOSE OUT & SECURE 



^WORKING 
DAYS 

ENVIRON. EFFECTS EXPMT 

n INSTALLATION PREPARATIONS 
\[ INSTALL WIRE HARNESS 
I INSTALL C/D CONSOLE 
t| CLOSE OUT 4 SECURE 

IXST-I COMPONENTS & SYS. EXPMT 

INSTALLATION PREPARATIONS 
INSTALL WIRE HARNESS 
INSTALL C/D PANEL 
CLOSE OUT 4 SECURE 

COMPONENTS & SYS. EXPMT 

INSTALLATION PREPARATIONS 
INSTALL WIRE HARNESS 
INSTALL ELECTRONICS 
INSTALL C/D CONSOLE 

, install steam GENERATOR RACK 
CLOSE OUT 4 SECURE 

□ MB-l MICROBIOLOGY EXPMT 

n IN5TALUTION PREPARATIONS 
^ INSTALL REFRIGERATOR 

STORE EXPERIMENT CONTAINER 
^ CLOSE OUT 4 SECURE 

ImB-4 I MICROBIOLOGY EXPMT 

f] INSTALLATION PREPARATIONS 
\ \ INSTALL WIRE HARNESS 

[1 INSTALL INCUBATOR/CULTURE WARE 
^ STORE CAMERA MICROSCOPE 
ISTORE CENTRIFUGE 
1 INSTALL ELECTROPHORETIC APPARATUS 
^ CLOSE OUT 4 SECURE 

QMB-2, MICROBIOLOGY EXPMT 

[] INSTALLATION PREPARATIONS 
^ STORE SAMPLE COLLECTING/STORAGE DEVICE 
11 CLOSE OUT 4 SECURE 


1 ) 


PH-6 I PHYSICS & CHEMISTRY EXPMT 


[j IN STALLATION PREPARATIONS 
JNSTALL WIRE HARNESS 
INST ALL C/D CONSOLE 
I INSTALL SENSORS 
y CLOSE OUT 4 SECURE 



Q MB-5, MICROBIOLOGY EXPMT 

n INSTALLATION VERIFICATION, 
CLOSE OUT 4 SECURE 


PAYLOAD 3 INSTALLATION 


EM-MOUNTED HARDWARE 


I EN-I [ ENVIRON. EFFECTS EXPMT 

W INSTALLATION PREPARATIONS 
INSTALL WIRE HARNESS 
I I INSTALL C/D CONSOLE 
[1 INSTALL REFRIGERATOR 
[I INSTALL TIMER 
\] INSTALL AIR SAMPLE UNIT 
y CLOSE OUT 4 SECURE 

I EN-2 I eNVIRON. effects EXPMT 

f[ INS TALLATION PREPARATIONS 
INSTALL WIRE HARNESS 
INSTALL C/D CONSOLE 
INSTALL SENSOR INSTRUMENTS 
CLOSE OUT 4 SECURE 


1 


A-n 
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> 

rv> 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


O WORKING 
DAYS 


EQ-3 I EARTH OBSERVATION EXPERIMENT 


(llNSTALLATION PREPARATIONS 
~~| INSTALL WIRE HARNESS 

IN STALL HIGH-RESOLUTION SCANNER 
I I INSTALL LOW-RESOLUTION SCANNER 
U CLOSE OUT AND SECURE 

[ 


I EN-31 ENVIRONMENTAL EFFECTS EXPERIMENT 

n INSTALLATION PREPARATIONS 


EO-6 


EARTH OBSERV. EXPMT. 


INSTALL WIRE HARNESS 
INSTALL SENSOR INSTRUMENTS 


(|_^ INSTALLATION PREPARATIONS 
INSTALL WIRE HARNESS 


CLOSE OUT AND SECURE 

XST- i COMPONENTS & SYS. EXPERIMENT 


INSTALL ANTENNA MOUNT 
INSTALL RADAR 

INSTALL ANTENNA 
INSTALL TV CAMERA 
^ CLOSE OUT AND SECURE 

rpH-1 



INSTALLATION PREPARATIONS 
INSTALL WIRE HARNESS 
1 INSTALL SENSORS 

CLOSE OUT AND SECURE 


PHYSICS & CHEMISTRY EXPMT. 


[] INSTALLATION PREPARATIONS 
n IN STALL WIRE HARNESS 
I I INSTALL BOOM 

install TETHER 


INSTALL POTENTIAL ANALYZER 
INSTALL MASS SPECTROMETER 

1 INSTALL MAGNETOMETER 
y CLOSE OUT AND SECURE 


PAYLOAD 3 INSTALLATION 


PALLET-MOUNTED HARDWARE 


Space Division 

Rockwell International 





B. EXPERIMENT CHECKOUT FLOW TIME ESTIMATES 



Space Division 
R<x:kvvell International 


APPENDIX B 

EXPERIMENT CHECKOUT FLOW TIME ESTIMATES 


Appendix B defines the general experiment checkout flow plus the checkout 
flow estimates for each individual experiment. Those estimates are based upon 
the following. 

1. Initial alignment being performed as part of the installation 
of the experiment instruments. 

2. The cameras containing test fi lm . 

3. The support equipment having previously been tested and 
verified. 

The times are those required to perform a verification test of the instru- 
ments on an individual experiment basis. The tests are designed to verify the 
experiment/EM/pallet /igloo Interfaces and to ensure that no damage has resulted 
due to the installation activity. The general checkout procedure is as follows. 

1. Set up experiment equipment and activate support equipment. 

2. Activate control and display , consoles . 

3. Check out control and display console concurrent with instru- 
ment checkout. 

4. Verify operation of moving parts of pallet- installed 
equipment . 

5. Verify operation of moving parts of experiment module 
Installed equipment. 

6. Verify operation of Instruments on the pallet. 

7. Verify operation of instruments in the EM/ canister. 

8. Check out miscellaneous equipment. 

9. Verify data processing /recording concurrent with checkout 
of the instriments. 

10. Power down and secure the equipment. 

Ihe checkout flow de-tails for each Individual experiment are contained on 
the flow charts for the respective experiment. The times for all of the ATL 
experiments are summarized in Table B-1. 


B-1 
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Table B-1. Summary of ATL Experiment Checkout Tasks 


Dis cip line /Expe riment 

Checkout Time 
(hours) 

NAVIGATION 



NV-1 

Microwave Interferometer 

7.5 

NV-2 

Autonomous Navigation 

9.5 

NV-3 

Multipath Measurements 

A. 25 

EARTH OBSERVATICWS 


EO-l 

Lldar Measurements 

5.25 

EO-2 

Tunable Lasers 

5.5 

EO-3 

Multispectral Scanner 

3. 75 

EO-A 

Radiometer 

6.0 

EO-5 

Laser Ranging 

5.5 

EO-6 

Microwave Altimetry 

7.25 

EO-7 

Search and Rescue Aids 

7.75 

EO-8 

Imaging Radar 

7.25 

EO-9 

RF Noise 

6.5 

PHYSICS AND CHEMISTRY 


PH-1 

Wake Dynamics 

5.25 

PH-2 

Barium Cloud Release 

9.25 

PH-3 

Aerosol Properties 

7.25 

PH- A 

Neutral Gas Parameters 

6.75 

PH-5 

Radiation Environment 

6.25 

PH-6 

Meteor Spectroscopy 

5.75 

MICROBIOLOGY 



MB-1 

Colony Growth 

A. 75 

MB-2 

Micro-Organism Transfer 

3.0 

MB-3 

Biological Cell Electrical Field Opacity 

A.O 

MB- A 

Bio Cell Electrical Characteristics 

A. 25 

MB- 5 

Bio Cell Properties 

3.0 

ENVIRCKIMENTAL 

EFFECTS 


EN-1 

Micro-Organism Sampling* 

2.0 

EN-2 

Material Fatigue 

A. 5 

EN-3 

Non-Metallic Materials Degradation 

3.75 

COMPONENTS AND SYSTEMS 


CS-2 

Zero-Gravity Steam Generator 

A.O 

XST~ 

Contamination Monitor 

2.5 


B-2 
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J ^ SET UP EXPERIMENT EQUIPMENT AND ACTIVATE SUPPORT EQUIPMENT 


w 

OJ 


CH 


ACTIVATE CONTROL AND DISPLAY CONSOLE 
i ~ nr CHECK OUT CONTROL CONSOLE OPERATION 

f CHECK OUT MOVING PARTS ON PALLET-LOCATED EQUIPMENT 


5 ^ CHECK OUT MOVING PARTS ON INTERNALLY LOCATED EQUIPMENT 


f: 

£ 

£ 


VERIFY DATA PROCESSING 
VERIFY DATA RECORDING 


VERIFY OPERATION OF INSTRUMENTS ON PALLET 
J ^ VERIFY OPERATION OF INSTRUMENTS IN EM/CANISTER 

i -S CHECK MISCELLANEOUS EQUIPMENT AND CONDITIONS 


^ 5 POWER DOWN AND SECURE EQUIPMENT 


GENERAL CHECKOUT PROCEDURE 


Space Division 
Rockwell International 
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0.75 


SET UP EXPMT EQUIP & ACTIVATE SUPPORT EQUIP (GSE, POWER DIST, SYST. , TAPE RECORDER, 

OSCILLOSCOPE, ETC.) 



ACTIVATE CONTROL & DISPLAY CONSOLE 


00 


6.0 


MONITOR OPERATION OF C&D CONSOLE- 
CHECK FOR PROPER COMMA^JDS, TALK- 
BACKS, DISPLAYS A DATA TRANSMISSION 


1.5 


OPERATE ANTENNA RELEASE/DEPLOYMENT MECHANISM— PARTIALLY DEPLOY ANTENNA TO CHECK 
DEPLOYMENT ME CHAN ISM- -VERIFY RETRACTION CAPABILITY— INSPECT FOR CLEARANCE WITH 
OTHER PALLET EQUIP-VERIFY PROPER COMMAND RESPONSES AND TALKBACKS 


3.0 


RECORD EXPMT DATA-CHECK REAL-TIME TRANSMISSION- 
ANALYZE & CHECK RECORDED DATA 


ACTIVATE RECEIVER SYSTEM-CHECK FOR PROPER SIGNAL LEVEL, 
VSWR, PHASE DISPLAY, DATA TRANSMISSION, AMP OPERATION, ETC. 


1.5 


TOTAL TIME =^7.5 HOURS 


OPERATE ANTENNA RETRACTION MECHANISM- 
RETRACT & SECURE ANTENNA— VERIFY 
COMMAND RESPONSES & TALKBACKS 


Lq.5 ] 


POWER DOWN & SECURE EQUIPMENT 


O 

3 

0) 


NV-1 MICROWAVE INTERFEROMETER 


Space Division 

Rockwell Internf 
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0.75 SET UP EXPMT EQUIP & ACTIVATE SUPPORT EQUIP (GSE, POWER DIST. SYSTEM, TAPE RECORDER. 

OSCILLOSCOPE, COMPUTER. ETC.) 


.25 



ACTIVATE CONTROL & DISPLAY CONSOLE 



MONITOR OPERATION OF 
C&D CONSOLE; CHECK FOR 
PROPER COMMANDS, TALKBACKS, 
DISPLAYS & DATA 


1.25 


INSPECT INERTIAL PLATFORM FOR PROPER INSTALLATION; ACTIVATE INERTIAL PLATFORM; 
CHECK OPERATION; VERIFY CLEAR FIELD OF VIEW 



RECORD EXPMT DATA; CHECK REAL-TIME DATA 
TRANSMISSION; ANALYZE & CHECK RECORDED 
DATA RATE, QUALITY, ERROR RATE, ETC. 


CO 

I 

vn 



ACTIVATE STARFIELD/LANOMARK TRACKER; CHECK FOR PROPER OPERATION, 
DATA TRANSMISSION, ETC. 


T'o ACTIVATE LASER TRANSMITTER; CHECK FOR PROPER OPERATION, 

DATA TRANSMISSION, ETC. 


0 5 ACTIVATE TV CAMERA; CHECK CAMERA FOR POINTING, FOV, 
CMD RESPONSE, DATA TRANSMISSION, PICTURE QUALITY, ETC. 


ACTIVATE GROUND TRACKER; CHECK FOR POINTING, 
COMMAND RESPONSE, FOV, DATA, ETC. 


TOTAL TIME =9.5 HOURS 


1.0 VERIFY TELESCOPE OPERATION; CHECK 
POINTING, FOV, ETC. 


0.5 ACTIVATE STILL CAMERA; CHECK FOV. 
CMD RESPONSE, DATA, ETC. 


NV-2 AUTONOMOUS NAVIGATION 


0.5 jSTOW & SECURE EXPMT EQUIP 


0.75 


POWER DOWN & 
SECURE EQUIPMENT 
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0.75 


] SET UP EXPMT EQUIP & ACTIVATE SUPPORT EQUIP (GSE, PWR DIST SYS, TAPE RECORDERS, ETC.) 


0. 2 sQ ACTIVATE CONTROL & DISPLAY CONSOLE 


MONITOR OPERATION OF C&D CONSOLE; CHECK FOR PROPER COMMANDS, 
TALKBACKS, DISPLAYS, DATA TRANSMISSION, ETC. 


1.0 


DEPLOY ANTENNA; CHECK FOR PROPER DEPLOYMENT, ADEQUATE CLEARANCE, ANTENNA POINTING, 
SCAN ANGLE & RATE, TALKBACK, ETC. 


I 

0 \ 


0.75 


ACTIVATE RECEIVER/ ANTENNA SYSTEM; CHECK POWER,SIGNAL LEVEL, VSWR, 
DATA TRANSMISSION, DISPLAYS, ETC. 


1.25 


RECORD EXPMT DATA; CHECK REAL-TIME DATA TRANSMISSION; 
ANALYZE AND CHECK RECORDED DATA 


f0.5 I RETRACT & SECURE ANTENNA; CHECK FOR PROPER RETRACTION, 
I 1 COMMAND RESPONSE, TALKBACKS, ETC. 


| 0.5 I POWER DOWN AND SECURE EQUIPMENT 



TOTAL TIME = 4.25 HOURS 


NV-3 MULTIPATH MEASUREMENTS 


Rockwell International 






SD 74-SA-0X56 


fo.5 I SET UP EXPMT EQUIP & ACTIVATE SUPPORT EQUIP (GSE, POWER DIST SYS. TAPE RECORDER, 
OSCILLOSCOPE. COMPUTER, ETC.) 


ACTIVATE C&D CONSOLE 



MONITOR OPERATION. OF CONTROL & DISPLAY CONSOLE; CHECK 

FOR PROPER COMMANDS, TALKBACKS, DISPLAYS, DATA PROCESSING, ETC. 


1.0 


OPERATE BOOM RELEASE/DEPLOYMENT MECHANISM; PARTIALLY DEPLOY; CHECK FOR CLEARANCE, COMMAND 
RESPONSE, TALKBACKS, DISPLAYS. RETRACTION CAPABILITY, ETC. 


I 


1.0 


ACTIVATE LIDAR TRANSMITTER; CHECK USER PULSE OUTPUT. COMMAND RESPONSE, DATA 
TRANSMISSION, DISPLAYS, ETC. 


1.5 


RECORD EXPMT DATA; CHECK REAL-TIME DATA TRANSMISSION; ANALYZE AND 
CHECK RECORDED DATA 


( 0.5 I ACTIVATE CINE CAMERA; CHECK CMD RESPONSE. FILM ADVANCE, ETC. 

I 0.5 I RETRACT & SECURE BOOM; CHECK FOR PROPER RETRACTION, 

' ' COWAND RESPONSE, TALKBACKS. RETRACTION TIME, ETC. 


Cm] 


POWER DOWN AND SECURE EQUIPMENT 


TOTAL TIME = 5.25 HOURS 


EO-1 LIDAR MEASUREMENTS 


Rockwell Internationa 




SD 74-SA-0156 


O SET Up EXP EQUIP & ACTIVATE SUPPORT EQUIP (GSE, TAPE RECORDER, POWER DIST SYST, 

CRYO/FLUID SYS, ETC.) 


0.25 Q ACTIVATE CONTROL & DISPLAY CONSOLE 


MONITOR OPERATION OF CONTROL AND 
DISPLAY CONSOLE; CHECK FOR PROPER 
COMMANDS, DISPLAYS, TALKBACKS, 
DATA PROCESSING, ETC. 


0.75 


OPERATE BOOM RELEASE/DEPLOY MECHANISM; PARTIALLY DEPLOY BOOM; CHECK FOR 
CLEARANCE, COMMAND RESPONSE, DISPLAYS, TALKBACKS, RETRACTION, ETC. 


7 

00 


0.5 PERFORM LEAK TEST OF LASER CRYOGENIC COOLANT SYSTEM; CHECK 
COOLANT FLOW RATE, TEMPERATURE, ETC. 

I 0.5 1 VERIFY LASER PWR SUPPLY; CHECK NOISE & RIPPLE, VOLTAGE 
LEVEL, REGULATION, ETC. 

I r;; verify laser SYS operation; CHECK P0WER,C0^f1AND 

I — RESPONSE, FREQ, DISPLAYS, DATA TRANSMISSION, ETC. 


1.5 


RECORD EXP DATA; CHECK REAL-TIME DATA 
PROCESSING; ANALYZE & CHECK RECORDED DATA 



VERIFY TELESCOPE POINTING, FOV 
OPERATION, ETC. 


9 



TOTAL TIME =5.5 HOURS 


I 0.5 I RETRACT & STOW BOOM; CHECK FOR 
' 'CMD RESPONSE, TALKBACKS, ETC. 


I 0 . 5 ] POWER DOWN & SECURE EQUIPMENT 


EO-2 TUNABLE LASERS 


Rockwell International 





SD 74-SA-0156 


I 0.5 [ SET UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (GSE, POWER DIST SYS, TAPE RECORDER, ETC.) 


0.25 Q] ACTIVATE CONTROL & DISPLAY CONSOLE 



MONITOR OPERATION OF C&D CONSOLE OPERATION; CHECK FOR 
PROPER COMMANDS, DISPLAYS, TALKBACKS, DATA PROCESSING, ETC. 


1.0 


ACTIVATE HIGH-RESOLUTION SCANNER SYS; CHECK CMD RESPONSE, DISPLAYS, 
DATA SIGNALS & TRANSMISSION FOR AMBIENT ENVIRONMENT, POINTING, 

FOV, ETC. 


ACTIVATE LOW-RESOLUTION SCANNER SYS; CHECK CMD RESPONSE. 
DISPLAYS, DATA SIGNALS & TRANSMISSION FOR AMBIENT 
ENVIRONMENT. POINTING. FOV, ETC. 


[ 


O' 


RECORD EXP DATA; CHECK REAL TIME AND RECORDED DATA FOR 
PROPER PROCESSING, DATA RATE. QUALITY, ACCURAa, BIT 
ERROR, NOISE LEVEL, ETC. 


0.5 I POWER DOWN AND SECURE EQUIPMENT 


TOTAL TIME * 3.75 HOURS 


EO-3 MULTISPECTRAL SCANNER 


FlocAwell International 




SD 74-SA-0156 


0J5 1 SET UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (GSE. POWER DIST SYS, TAPE RECORDER, 

OSCILLOSCOPE, SPECTRUM ANALYZER, SIG GEN, ETC.) 

0.25 Q] ACTIVATE CONTROL & DISPLAY CONSOLE 

I -7-? MONITOR OPERATION OF C&D CONSOLE; 

i ^ CHECK FOR PROPER COMMANDS, DISPLAYS, 

TALKBACKS, DATA PROCESSING, ETC. 


OPERATE ANTENNA RELEASE/DEPLOYMENT MECHANISM; DEPLOY ANTENNA AND 
CHECK FOR CLEARANCE, FOV, COMMAND RESPONSE, DISPLAYS, TALKBACKS, ETC. 



To ACTIVATE RADIOMETER SYSTEM; CHECK COMMAND RESPONSE, DATA 

PROCESSING, RCVR SIG LEVEL & OPERATION, DISPLAYS, ELECTRONICS 

OPERATION. ETC. 

CHECK RADIOMETER FOR PROPER DATA TRANSMISSION FOR 
AMBIENT ENVIRONMENT; CHECK CMD RESPONSE, ETC. 


1.0 


1.5 


RECORD EXP DATA; CHECK REAL-TIME AND 
RECORDED DATA FOR PROPER PROCESSING, 
DATA FREQ., NOISE LEVEL, ACCURACY', ETC. 


ro.5 i ACTIVATE STILL CAMERA; CHECK 
FOV, CMD RESPONSE, DATA, ETC. 


TOTAL TIME = 6.0 HOURS 


rrn RETRACT & STOW ANTENNA; 
lltJ CHECK FOR CMD RESPONSE, 
TASLKBACKS, ETC. 


I 0.5 I POWER DOWN AND 
SECURE EQUIPMENT 


EO-4 RADIOMETER 


Rockwell International 




SD 74-SA-0156 


SET UP EXP EQUIP & ALIGNMENT EQUIP; ACTIVATE SUPPORT EQUIP (GSE, TAPE RECOfTDER. 

OSCILLOSCOPE, POWER DIST SYS, ETC.) 

0.25 n ACTIVATE CONTROL & DISPLAY CONSOLE 

VERIFY INSTRUMENT ALIGNMENT (INSTRUMENT OPTICAL AXES TO OWITEN AXES) PtJA 
POINTING REFERENCE 

MONITOR OPERATION OF CtD CONSOLE; CNECK FOR 
PROPER CMOS, TALKBACKS, DISPLAYS, ORTA, ETC, 






ACTIVATE TRACKING INSTRUMENT SYS; CHECK POWER, FOV, CLEARANCE, SCAN, 
COMMAND RESPONSE, DISPUYS, DATA. TALKBACKS, ETC. 


w 

I 


1 RECORD EXP DATA; CHECK REAL-TIME & RECORDED DATA FOR 

1.0 1 ACCURACY. BATA LEVEL. PROPER PROCESSING. DATA RATE/ 
FREQ., ETC. 



CHECK REFLECTOMETER & TV CAMERA FOR PROPER FUNCTION- 
ING; CHECK FOR CMD RESPONSE. DISPLAYS, TALKBACKS. 
POWER, SCAN, PICTURE QUALITY, HC. 


TOTAL TIME =5.5 HOURS 


ACTIVATE LASER SYS; CHECK CMD RESPONSE. 
PULSE RATE & ENERGY LEVEL. DISPLAYS. 
POWER. ETC. 

0.25 I “1 ACTIVATE STILL CAMERA; CHECK 

’ — ' OPERATION, FILM ADVANCE, COMMAND 
RESPONSE. ETC. 





POWER DOWN A SECURE EQUIP. 


EO-5 LASER RANGING 


Rockwell Intemationat 





SD 74-SA-0156 


0.5 SET UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (GSE, POWER DIST SYS, OSCILLOSCOPE, SPECTRUM 
ANALYZER, OPTICAL RECORDER, ETC.) 


0.25 Q] ACTIVATE CONTROL & DISPLAY CONSOLE 


MONITOR OPERATION OF 
C&D CONSOLE; CHECK FOR 
PROPER CMOS, TALKBACKS, 
DISPLAYS, DATA, ETC. 



OPERATE ANTENNA RELEASE/ DEPLOYMENT MECHANISM; PARTIALLY DEPLOY ANTENNA 
AND CHECK FOR DISPLAYS. TALKBACKS, CMD RESPONSE, CLEARANCE, FOV, ETC. 


ACTIVATE SYSTEM & CHECK FOR PROPER ELECTRONICS 
OPERATION 


I 

H 

hO 


ACTIVATE RADAR & CHECK FOR DATA TRANSMISSION, 
FREQ, OUTPUT SIGNAL, SPECTRUM, ETC. 


RECORD EXP. DATA; CHECK REAL-TIME AND 
RECORDED DATA FOR PROPER PROCESSING, 
NOISE LEVEL, ACCURACY, ETC. 


ACTIVATE TV CAMERA; CHECK FOR CAMERA 

0.5 I POINTING & FOV, OPERATION, PICTURE 
QUALITY, ETC. 



ACTIVATE STILL CAMERA & CHECK 
OPERATION, FILM ADVANCE, ETC. 


TOTAL TIME =7.25 HOURS 


RETRACT ANTENNA & STOW; 
CHECK CMD RESPONSES, 
TALKBACKS, ETC. 



EO-6 MICROWAVE ALTIMETRY 


PWR DOWN & 
SECURE EQUIP 


Rockwell International 





SD 74-SA-0156 


07^ SET UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (GSE, POWER DIST SYS, OSCILLOSCOPE, OPTICAL 
— J RECORDER, ETC. 


activate control & DISPLAY CONSOLE 



MONITOR OPERATION OF 


CONTROL & DISPLAY CONSOLE; CHECK COMMANDS, 
TALKBACKS, DISPLAYS, DATA PROCESSING, ETC. 


2.0 


OPERATE ANTENNA RELEASE/DEPLOYMENT MECHANISM; PARTIALLY DEPLOY ANTENNA AND 
CHECK FOR DISPLAYS, TALKBACKS, FOV, CLEARANCE, COMMAND RESPONSES, ETC. 


cs 

I 

U) 



ACTIVATE EXP SYS & CHECK FOR PROPER ELECTRONICS OPERATION 


ACTIVATE RADAR & CHECK FOR DATA TRANSMISSION, 
OUTPUT, FREQUENCY, SPECTRUM, ETC. 


RECORD EXP DATA; CHECK REAL-TIME & 
RECORDED DATA FOR PROPER PROCESSING, 
NOISE LEVEL, ACCURACY, ETC. 


TOTAL TIME = 7.75 HOURS 



ACTIVATE TV CAMERA; CHECK FOR CAMERA POINTING 
FOV, OPERATION, PICTURE QUALITY, ETC. 


» 




ACTIVATE STILL CAMERA & CHECK OPERATION, 
FILM ADVANCE, ETC. 


1.0 


RETRACT ANTENNA & STOW; 
CHECK CMD RESPONSE, 
TALKBACKS, ETC. 


EO-7 SEARCH & RESCUE AIDS 


0 5 POWER DOWN & 
SECURE EQUIP 


Space Division 
Fiockwell International 





SD 74-SA-0156 


I O.sl SET UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (GSE, POWER DIST SYS, RECORDER, OSCILLOSCOPE, ETC.) 

0.25 Q ACTIVATE CONTROL & DISPLAY CONSOLE 

MONITOR OPERATION OF 
C&D CONSOLE; CHECK 
COMMANDS, TALKBACKS, 
DISPLAYS, DATA PROCESS- 

OPERATE ANTENNA RELEASE/DEPLOYMENT ING, ETC. 

MECHANISM; PARTIALLY DEPLOY ANTENNA AND 

CHECK DISPLAYS, TALKBACKS, CLEARANCE, FOV, CMD RESPONSES, ETC. 





ACTIVATE EXP SYS & CHECK FOR PROPER ELECTRONICS OPERATION 



ACTIVATE RADAR & CHECK FOR PROPER DATA TRANS- 
MISSION, OUTPUT, FREQUENCY, ETC. 


w 

I 



RECORD EXP DATA; CHECK REAL-TIME AND 
RECORDED DATA FOR PROPER PROCESSING, 
NOISE LEVEL, ACCURACY, ETC. 


I n c I activate TV CAMERA; CHECK FOR CAMERA 

I POINTING, FOV, OPERATION, PICTURE QUALITY, ETC. 


TOTAL TIME =7.25 HOURS 



RETRACT ANTENNA & STOW; 
CHECK CMD RESPONSE, 
TALKBACKS, ETC. 



POWER DOWN & 
SECURE EQUIPMENT 


EO-8 IMAGING RADAR 


Space Division 
Rockwell International 




SD 74-SA-0156 


0.75 I SET UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (GSE. DATA RECORDER, POWER DIST SYS, ETC.) 

0.25 Q ACTIVATE C4D CONSOLE 

MONITOR OPERATION OF 
CONTROL & DISPLAY CONSOLE; 

CHECK COMMANDS. TALKBACKS, 
DISPLAYS. DATA PROCESSING, ETC. 

0.5 I ACTIVATE POWER SUPPLY; CHECK VOLTAGE, REGUUTION, NOISE. ETC. 



Cd 

I 

M 


OPERATE ANTENNA RELEASE/DEPLOYMENT MECHANISM; PARTIALLY DEPLOY 
ANTENNA & CHECK DISPLAYS. TALKBACKS. CLEARANCE. FOV, COMMAND 
RESPONSES, ETC. 

CHECK ANTENNA OPERATION; CHECK POINTING, SCAN ANGLE, 

SCAN RATE, CLEARANCE, ETC. 

ACTIVATE EXP ANTENNA-RECEIVER SYS; CHECK POWER, 

SIG LEVEL. RECEIVER OUTPUT, VSWR, SPECT DISPLAY, ETC. 




TOTAL TIME =6.5 HOURS 



RECORD EXP DATA; CHECK REAL-TIME & RECORDED 
DATA FOR PROPER PROCESSING. NOISE LEVEL, 
ACCURACY, ETC. 


ACTIVATE TV CAMERA; CHECK FOR CAMERA 


POINTING, FOV, OPERATION. PICTURE QUALITY 
ETC. 




RETRACT ANTENNA & STOW; CHECK 
CMD RESPONSES, TALKBACKS, ETC. 


P Q g I POWER DOWN & SECURE EQUIP 

EO-9 RF NOISE MEASUREMENT 


Rockwell International 




SD 74-SA-0156 


OTTI ACTIVATE GSE & SUPPORT EQUIP (POWER, LIGHTING, TEST EQUIP. DATA PROCESSING EQUIP, TAPE RECORDERS, 
COMPUTER, EPHEMERIS DATA LINK, ETC.) 


txl 

I 


0.25 I I ACTIVATE CONTROL & DISPLAY CONSOLE AND EXPERIMENT COMPONENTS 


I I 


CEE] 


3.5 


MONITOR OPERATION OF C&D CONSOLE, DATA PROCESSOR & DATA 
RECORDER & EPHEMERIS DATA LINK; CHECK FOR PROPER SENDING & 
RECEIVING OF SIGNALS TO/FROM SENSORS; CHECK COORDINATION OF 

SENSOR DATA WITH EPHEMERIS DATA. 


OPERATE BOOM RELEASE MECH (FWD & AFT) ; 

PARTIALLY DEPLOY EA BOOM TO CHECK BOOM DEPLOYMENT MECH; 

OPERATE BOOM ROTATION DEVICES; INSPECT FOR CLEARANCE BETWEEN DEPLOYED BOOM & ALL 
OTHER EQUIPMENT ON PALLET. 

ACTIVATE POTENTIAL ANALYZER; CHECK FOR PROPER DATA TRANSMISSION CORRESPONDING 
TO SENSING OF AMBIENT ENVIRONMENT. 


1.0 


0.5 


ACTIVATE MASS SPECTROMETERS; CHECK FOR PROPER DATA TRANSMISSION FOR 
AMBIENT ENVIRONMENT AND REFERENCE STANDARD SAMPLES. 


cm 


ACTIVATE FLUXGATE MAGNETOMETERS; CHECK FOR PROPER DATA TRANSMISSION 
CORRESPONDING TO SENSING OF AMBIENT ENVIRONMENT. 


ACTIVATE ELECTROSTATIC PROBES; CHECK FOR PROPER DATA 
TRANSMISSION FOR SENSING AMBIENT ENVIRONMENT. 



ANALYZE & CHECK REAL-TIME DATA PROCESSING OF 
SENSOR SIGNALS BY DATA PROCESSOR & ON-BOARD 
COMPUTER. 


TOTAL TIME =5.25 HOURS 


7T~| ANALYZE & CHECK DATA FROM TAPE RECORDER; CHECK 
FOR CORRECT RECORDING RATE & CAPACITY. 


I 0.5 I POWER DOWN & SECURE EQUIPMENT 


PH-1 SPACECRAFT WAKE DYNAMICS 


Space Division 
Rockwell International 




SD 74-SA-0156 


^•0 I actuate EXPMT support equip (GSE, support electronics, film, EPIiEHERIS DATA LINK, ETC.) 
0.25| I ACTIVATE CONTROL AND DISPLAY CONSOLE AND EXPERIMENT COMPONENTS 


W 




MAKE INSTRUMENT ALIGNMENT CALIBRATIONS (INSTRUMENTS TO GIMBALED PLATFORM, PLATFORM TO 
PALLET AND PALLET TO SHUTTLE ORBITER REFERENCE) FOR INSTRUMENT POINTING REFERENCE. 


I T-fT MONITOR OPERATION OF C&D CONSOLE & 

I EPHEMERIS DATA LINK; CHECK FOR PROPER 

SENDING & RECEIVING OF SIGNALS; CHECK 
COORDINATION OF CAMERAS WITH EPHEMERIS DATA 

□ ACTIVATE LENS COVER MOTOR SLIDE & ACTUATOR & CHECK FOR 
PROPER OPERATION & COMPLETE CLEARANCE OF CAMERAS 

0.25 I I ACTIVATE GIMBALED PLATFORM & ROTATE THROUGH COMPLETE GIMBAL RANGE; 

— CLEARANCE OF ALL PALLET-MOUNTED QUIPMENT IN ALL POSITIONS 

( O-S] VERIFY FOV OF ALL CAMERAS AND SENSORS IN ALL POSITIONS OF GIMBALED PLATFORM 
I 0,5 I ACTIVATE FRAMING CAMERA; VERIFY CAMERA IS OPERATING 

I ACTIVATE TV CAMERA; VERIFY CAMERA OPERATING; CHECK TV CAMERA 

I 1.0 POINTING CAPABILITY S RESPONSE TO COMMAND BY CONTROL CONSOLE 


0.5 


ACTIVATE IMAGE INTENSIFIER CAMERA; VERIFY OPERATION 


ACTIVATE ENVIR CONTR UNIT; CHECK ALL PERTINENT 
0-5 ) ENVIR PARAMETERS TO VERIFY THEY ARE WITHIN PROPER LIMITS 

cm 


ACTIVATE PHOTOMETER; VERIFY INSTR OPERATING; CHECK 
FOR PROPER DATA TRANSMISSION FOR AMBIENT ENVIRONMENT 


TOTAL TIME = 9.25 flOURS 


ACTIVATE TAPE RECORDER; RECORD PHOTOMETER DATA; 
ANALYZE » CHECK RECORDED DATA S COORDINATION WITH 
EPHEMERIS DATA 


1.0 


VERIFY OPERATION 8, ACCURACY OF SERVO 
CONTROL LOOP FOR CAMERAS & PLATFORM 


1.0 


POWER DOWN & SECURE EQUIPMENT 


PH-2 BARIUM CLOUD RELEASE 


Space Division 

Rockwell International 








SD 74-SA-0156 


|0-5 I ACTIVATE EXPMT SUPPORT EQUIP (GSE, SUPPORT ELECTRONICS, TAPE RECORDER, ETC.) 

0.25 Q ACTIVATE CONTROL & DISPLAY CONSOLE AND EXPERIMENT COMPONENTS 

PERFORM LEAK TESTS ON GAS SOURCE TANKS AND AEROSOL ION & WATER VAPOR 
GENERATORS AND ALL GAS LINES AND FITTINGS 

MONITOR OPERATION OF CONTROL CONSOLE; CHECK FOR 
PROPER SENDING & RECEIVING OF SIGNALS TO AND FROM 
THE EXPERIMENT COMPONENTS AND SENSORS 




0.25 ACTIVATE LIGHT SOURCE & MICROSCOPE; VERIFY THAT BOTH ARE OPERATIONAL; CHECK 
' MICROSCOPE OPERATION WITH REFERENCE STANDARD SAMPLES 

0.25 Q ACTIVATE STILL CAMERA AND VERIFY CAMERA IS OPERATING 

I 0.5 I ACTIVATE CINE CAMERA AND VERIFY CAMERA IS OPERATING 

ACTIVATE ENVIR CHAMBER; CHECK THAT ALL PERTINENT ENVIR 
PARAMETERS ARE CORRECT & RESPOND RAPIDLY & ACCURATELY WHEN 
COMMANDED 

ACTIVATE INSTR SENSORS (PRESS, TEMP & HUMIDITY); CHECK THAT 
SENSOR READINGS CORRESPOND WITHIN TOLERANCES TO CHAMBER ENVIR. 



TOTAL HOURS =7.25 


I p-n 1 ANALYZE & CHECK DATA RECORDING OF SENSOR DATA; VERIFY 

I 111 CORRECT DATA RECORDING RATE AND CAPACITY 

I n q I activate aerosol GEN; CHECK CORRECT RATE OF GENERATION & FLOW OF 
AEROSOLS TO ENVIRONMENTAL CHAMBER 

f n q I activate ION GEN; CHECK FOR CORRECT RATE & ENERGY OF IONS 
* GENERATED; CHECK CORRECT FLOWRATE OF IONS TO ENVIR CHAMBER 

I 0.5 [ ACTIVATE WATER VAPOR SOURCE; CHECK FOR CORRECT FLOWRATE & 
'TEMP OF WATER VAPOR ENTERING ENVIRONMENTAL CHAMBER 


I 0.5 I POWER DOWN & SECURE EQUIPMENT 
PH-3 OPTICAL PROPERTIES OF AEROSOLS 


Space Division 

Rockwell International 







SD 74-SA-0156 


OTI ACTIVATE SUPPORT EQUIPMENT (GSE, SUPPORT ELECTRONICS. DATA PROCESSING EQUIPPENT. 

• TAPE RECORDERS. COMPUTER. ETC.) 

0.25Q ACTIVATE CONTROL & DISPLAY CONSOLE AND EXPERIMENT COMPONENTS 

I 0.5 I OPERATE INSTRUMENT CANISTER RELEASE MECH; PARTIALLY DEPLOY INSTRUMENT BOOM; 

' ' INSPECT FOR CLEARANCE BETWEEN DEPLOYED BOOM. CANISTER COVER & OTHER PALLET-MOUNTED EQUIPMENT 


L 


MONITOR OPERATION OF C&D CONSOLE, OSCILLOSCOPE. AND 
DATA RECORDERS; CHECK FOR PROPER SENDING & RECEIVING 
OF SIGNALS TO AND FROM SENSORS 


O. 25 Q ACTIVATE ION SOURCE & TEST FOR PROPER RATE & ENERGY OF ION RELEASE 

n 9 .; I — I activate ION COUNTING CCOLLECTOR SYSTEM; CHECK FOR PROPER DATA TRANSMISSION 
I I FOR Af«IENT ENVIRONMENT 

0.25 n ACTIVATE MASS FILTER & ION DETECTOR; CHECK FOR PROPER DATA TRANSMISSION FOR 
w 1 — I ambient ENVIRONMENT 

« O. 25 Q activate MOLECULAR BEW1 SUBDIVIDER; VERIFY rNSTROMENT IS OPEWOTUG • 


ACTIVATE MOLECULAR BEAM MASS SPECTROMETER; CHECK F9R PROPER 
DATA TRANSMISSION FOR AMBIENT ENVIRONMENT & REFERENCE 
STANDARD SAMPLES 


2.5 


2.5 


ANALYZE & CHECK REAL-TIME DATA PROCESSING OF 
SENSOR SIGNALS BY ON-BOARD COMPUTER ' ' 

ANALYZE PROCESSED DATA FROM TAPE RECORDER; CHECK 
FOR CORRECT RECORDING RATES I CAPACITY 


TOTAL TIME = 6.75 HOURS 


1,0 


VERIFY VACUUM INTEGRITY OP 
INSTRUMENT CANISTER 


, POWER DOWN AND SECURE 

1.0 I EQUIPMENT 


PH-4 MAPPING UPPER ATMOSPHERIC NEUTRAL GAS PARAMETERS 


Rockwell International 




SD 74-SA-0156 


ACTIVATE EXPMT SUPPORT EQUIP (GSE, SUPPORT ELECTRONICS, COMPUTER, TAPE RECORDER, ETC.) 


0.25 Q ACTIVATE CONTROL & DISPLAY CONSOLE AND EXPERIMENT COMPONENTS 



MONITOR OPERATION OF LOGIC SYSTEM, A/D COVERTER, AND 
SUPERVISOR SYS; CHECK FOR PROPER SENDING/RECEIVING OF 
SIGNALS TO/FROM EXPMT SENSORS; CHECK ACCURACY OF RESPONSE 
TO CONTROL 


2.5 


2.5 


MONITOR, ANALYZE & CHECK REAL-TIME DATA PROCESSING OF 
SENSOR SIG BY COMPUTER & RECORDING OF RAW DATA BY 
TAPE RECORDER 

MONITOR OP OF C&D CONSOLE; CHECK FOR PROPER SENDING/ 
RECEIVING OF SIG TO EXPMT & CONTROL SYS COMPONENTS 


ACTIVATE GAMMA RAY SPECTROMETER; CHECK FOR PROPER DATA TRANSMISSION FOR 

5.0 SENSING OF THE AMBIENT ENVIRONMENTS 


» 

I 

ho 

o 


ACTIVATE CHARGED PARTICLE SPECTROMETER (LOCATED IN EXPMT MODULE 
& PALLET); CHECK FOR PROPER DATA TRANSMISSION FOR SENSING OF 
AMBIENT ENVIRONMENT 


TOTAL TIME =6.25 HOURS 




ACTIVATE NEUTRON SPECTROMETER; CHECK FOR PROPER DATA 
TRANSMISSION FOR SENSING OF AMBIENT ENVIRONMENT 


0.25 


□ 


CHECK ALL FILM BADGES TO DETERMINE THEY ARE 
PROPERLY POSITIONED TO SENSE A REPRESENTIVE 
SAMPLE OF THE EM RADIATION ENVIRONMENT 


JL75- 


CHECK ALL THERMOLUMINESCENT DOSIMETERS TO 
ASSURE PROPER POSITIONING TO SENSE REP 
SAMPLE OF EM RADIATION ENVIRONMENT 


CHECK ION CHAMBERS & ANALYZE CONTENTS 
OR DATA OUTPUT TO ASSURE THEY ARE 
SENSING AMBIENT ENVIR. 

POWER DOWN & 

SECURE EQUIP. 


OPERATING & 


PH-5 SPACECRAFT RADIATION ENVIRONMENT 


Space Division 
R(x:kwell International 









SD 74-SA-0156 


ACTIVATE EXPMT SUPPORT EQUIP (GSE. SUPPORT ELECTRONICS, TAPE RECORDERS, 

POWER, LIGHTING, ETC.); SET UP EXI^RIWENT 

0.2Sp^ ACTIVATE CAD CONSOLE AND OPERIMEHT COMPONENTS 

MONITOR OPERATION Of CAD CONAOLf; 
CHECK FOR PRO PER SaiOmS / RECEIVING 
OF SIGNALS TO/FROH EXPMT COMPONENTS 




L c I ACTIVATE ASTROtUST EXTENSION MECH; PARTIALLY EXTEND BOOM TO VERIFY 

OPERATION; INSPECT FOR BOOM CLEARANCE OF ALL PALLET-MOUNTED EQUIPMENT 

MONITOR, ANALYZE & CHECK RECORDING OF RAW DATA FROM 
SENSORS; VERIFY CORRECT RECORDING RATE A CAPACITY 

I 1 ACTIVATE PHOTOMULTIPLIER METEOR DETECTOR; VERIFY INSTRUMENT IS 

lO.Sl OPERAHNG; VERIFY CORRECT 1«SPONSE TO REFERENCE SlGW ri NG 

I i ACTIVATE FUV SPECTROWAPH; VERITY MtSTRUHBfT KiOPtNATnW; OCCK FOR 

|0.5 I CORRECT DATA TRANSMISSION FOR SENSING OF AMBIENT E NVIRONMENT 

I 1 ACTIVATE ELECTRONOGRAPHIC SPEtTROGWIPHriiNIfY INSTRUMENT IS 

I 0.5 I OPERATING; CHECK FOR CORRECT DATA T RA N S MI S SION FOR SENSING OF 
AMBIENT ENVIRONMENT 



TOTAL TIME =5.75 HOURS 


ACTIVATE PANCHROMATIC SPECTROGRAPH; VERIFY INSTRUMENT IS 
OPEBAnUG;. CHECK. FOR XOftHECT JMilA. TUNSMISSION FOR 
SENSING OF AMBIENT ENVIRONMENT 



CHECK FOV OF ALL INSTRUMENTS LOCATED 
ON PALLET 


I I POWER DOWN AND 

I secure equipment 


PH-6 ULTRAVIOLET METEOR SPECTROSCOPY FROM NEAR-EARTH ORBIT 


FiockweRIntemattonal 




SD 74-SA-0156 


0»75 set up equip & ACTIVATE SUPPORT EQUIP (GSE, POWER DIST SYS, TAPE RECORDER, C&W SYS, ETC.) 


w 

I 

ho 

ho 


O. 25 Q] ACTIVATE CONTROL & DISPLAY CONSOLE 


2.5 




MONITOR OPERATION OF C&D CONSOLE; CHECK FOR COMMANDS, 
TALKBACKS, DISPLAYS & RECEIPT OF EXPERIMENT DATA 


ACTIVATE CAMERA/LIGHT SOURCE; CHECK FOR PROPER CAMERA OPERATION, 
SEQUENCING, TIMING & FILM ADVANCE; VERIFY PROPER LIGHT SEQUENCING 


1.0 


1.0 


ACTIVATE INCUBATOR; CHECK FOR PROPER POWER, TEMP, DISPLAYS, ETC. VERIFY 
PERTINENT ENVIRONMENTAL PARAMETERS WITHIN PROPER LIMITS 


ACTIVATE REFRIGERATOR; CHECK FOR PROPER POWER, TEMP, DISPLAYS, ETC. VERIFY 
PERTINENT ENVIRONMENTAL PARAMETERS WITHIN PROPER LIMITS 


RECORD EXP DATA; CHECK REAL-TIME DATA PROCESSING; ANALYZE 
AND CHECK RECORDED DATA 


TOTAL TIME = 4.75 HOURS 


POWER DOWN & SECURE EQUIPMENT 


MB-1 COLONY GROWTH 


Space Division 
Rockwell International 





95/c?'yS'/^QS 


0 75 I SET UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (GSE, POWER DIST SYS, TAPE RECORDER, C&W SYS, ETC.) 

0.25 Q] ACTIVATE CONTROL AND DISPLAY CONSOLE 

MONITOR OPERATION OF C&D CONSOLE; CHECK FOR COMMANDS, TALKBACKS, DISPLAYS 
AND RECEIPT OF EXPERIMENT DATA 



1.0 


1.0 


ACTIVATE INCUBATOR; CHECK FOR PROPER POWER, TEMP, DISPLAYS, ETC. VERIFY 
PERTINENT ENVIRONMENTAL PARAMETERS WITHIN PROPER LIMITS 


ACTIVATE REFRIGERATOR; CHECK FOR PROPER POWER, TEMP, DISPLAYS, ETC. VERIFY 
PERTINENT ENVIRONMENTAL PARAMETERS WITHIN PROPER LIMITS 


N) 

U> 



RECORD EXPERIMENT DATA; CHECK REAL-TIME DATA PROCESSING; ANALYZE 
AND CHECK RECORDED DATA 


I 0.5 I POWER DOWN & SECURE EQUIPMENT 


TOTAL TIME = 3.0 HOURS 


MB-2 MICRO-ORGANISM TRANSFER 


Space Division 
Rockwell International 





SD 74-SA-0156 


0.75 I SET UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (GSE, POWER DIST SYS, C&W SYS, TAPE RECORDER, ETC.) 
0 25 C] ^^''’^VATE CONTROL & DISPLAY CONSOLE 

MONITOR OPERATION OF C&D CONSOLE; CHECK FOR COMMANDS, 
TALKBACKS. DISPLAYS, AND RECEIPT OF EXPERIMENT DATA 



w 

I 

ro 

4S 



ACTIVATE REFRIGERATOR; CHECK FOR PROPER POWER, TEMP, DISPLAYS, ETC. 
VERIFY PERTINENT ENVIRONMENTAL PARAMETERS WITHIN PROPER LIMITS 


ACTIVATE INCUBATOR; CHECK FOR PROPER POWER, TEMP. DISPLAYS. ETC. 
VERIFY PERTINENT ENVIRONMENTAL PARAMETERS WITHIN PROPER LIMITS 



ACTIVATE ELECTRONIC SENSOR, VOLUME SPEC, & COULTER COUNTER; 
INSTALL TEST SPECIMEN & CHECK FOR PROPER POWER, COMMAND 
RESPONSE, DISPLAYS & DATA PROCESSING 



RECORD EXP DATA; CHECK REAL-TIME DATA PROCESSING; 
ANALYZE & VERIFY RECORDED DATA 


TOTAL TIME =4.0 HOURS 


[ 0.5 I ACTIVATE CAMERA/MICROSCOPE; CHECK CAMERA OPERATION/ 

' ' SEQUENCING; CHECK MICROSCOPE OPERATIONS; VERIFY 

FILM ADVANCE 


I 0.5 I POWER DOWN & SECURE EQUIPMENT 


MB-3 BIOLOGICAL CELLS 


Space Division 
Rockwell International 
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j 0.75 j SCT UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (SSE, POWER DIST SYS. TAPE RECORDER, C&W SYS, ETC.) 

0.25 Q ACTIVATE CONTROL I. DISPLAY CONSOLE 

MONnOR OPERATION OF C&D CONSOLE; CHECK FOR PROPER CDWANDS, 
TALKBACKS. DISPLAYS. & EXPERIMENT DATA PROCESSING 




ACTIVATE INCUBATOR; CHECK FOR PROPER POWER, TEMP, DISPLAYS. ETC. 
VERIFY PERTINENT ENVIRONMENTAL PARAMETERS WITHIN LIMITS 



ACTIVATE REFRIGERATOR; CHECK FOR PROPER POWER, TEMP, DISPLAYS, 
VERIFY PERTINENT ENVIRONMENTAL PARAMETERS WITHIN LIMITS 


ETC. 


r- — n RECORD EXPERIMENT DATA; CHECK REAL-TIME DATA PROCESSING; 

•f 2^5 ANALYZE & VERIFY RECORDED DATA 

ro ^ 

L/t 


prrn ACTIVAH ELECTROPHORCTIC APPARATUS; VERIFY APPARATUS IS OPERATING; 
LJilLI CHECK FOR PROPER COMMAND RESPONSE. DATA TRANSMISSION. VOLTAGE, 
CURRENT. ETC. 

m ACTIVATE CAMERA/MICROSCOPE; CHECK OWERA OPERATION. 
SEQUENCING, FILM ADVANCE. ETC. VERIFY MICROSCOPE 
OPERATION, ADJUSTMENT, ETC. 

nm ACTIVATE CENTRIFUffi; VERIFY PROPER OPERATION, 

L1-? I SPIN RATE. ETC. 



TOTAL TIME - 4.25 HOURS 



POWER DOWN & SECURE EQUIPMENT 


MB-4 biological CELL ELECTRICAL CHARAaERISTICS 


Rockwell Intemationat 
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0.75 SET UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (GSE, POWER DIST SYS, TAPE RECORDER, C&W SYS, ETC.) 


O. 25 Q ACTIVATE CONTROL & DISPLAY CONSOLE 



MONITOR OPERATION OF C&D CONSOLE; CHECK FOR PROPER COMMANDS, 
TALKBACKS, DISPLAYS, & EXPERIMENT DATA PROCESSING 


os 

I 

CT> 



ACTIVATE REFRIGERATOR; CHECK FOR PROPER TEMP, DISPLAYS, ETC. VERIFY 
PERTINENT ENVIRONMENTAL PARAMETERS WITHIN LIMITS 


ACTIVATE INCUBATOR; CHECK FOR PROPER POWER. TEMP, DISPLAYS, ETC. 
VERIFY PERTINENT ENVIRONMENTAL PARAMETERS WITHIN LIMITS 


1.5 


I 0-5 I 


RECORD EXPERIMENT DATA; CHECK REAL-TIME DATA PROCESSING; 
ANALYZE & VERIFY RECORDED DATA 


ACTIVATE CAMERA/MICROSCOPE; CHECK CAMERA OPERATION, SEQUENCING. 
FILM ADVANCE, ETC. VERIFY MICROSCOPE OPERATION, ADJUSTMENTS, ETC. 



POWER DOWN AND SECURE EQUIPMENT 


TOTAL TIME = 3.0 HOURS 


MB-5 BIOLOGICAL CELL PROPERTIES 


Space Division 
Rockwell International 
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0.2511 ACTIVATE EXPWT SUPPORT EQUIP (GSE, SUPPORT ELECTRONICS, ETC.) 


0.25 Qj ACTIVATE CONTROL & DISPLAY CONSOLE & EXPERIMENT COMPONENTS 

I MONITOR OPERATION OF C&D CONSOLE & EXPERIMENT TIMER; 

I CHECK FOR CORRECT SENDING OF SIGNALS TO THE SAMPLING UNIT 

fn c I ACTIVATE EXPMT MODULE AIR SAMPLING UNIT; CHECK FOR ADEQUATE VENTILATION OF 
I I SAMPLING UNIT & VERIFY SAMPLES TAKEN ARE REPRESENTATIVE OF EM ENVIRONMENT 


C0 

I 

N> 


['o7g I REPEAT THE PROCEDURE ABOVE FOR AIR SAMPLING UNIT IN 


TME ORBITER CABIN 


0.25 rn INSPECT THE REFRIGERATOR TO ASSURE THAT AIR SAMPLE CULTURES 
— WILL FIT & TEMPERATURE MAINTAINED IS CORRECT 

0.25 Q] POWER DOWN & SECURE EQUIPMENT 


TOTAL TIME =2.0 HOURS 


EN-1 SAMPLING OF AIRBORNE PARTICLES AND MICRO-ORGANISMS 

IN SPACE CABIN ENVIRONMENT 


RockweH International 
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0.50 I ACTIVATE EXP SUPPORT EQUIP (GSE, SUPPORT ELECTRONICS, TAPE RECORDERS, ETC.) 
0.25 Q ACTIVATE CONTROL & DISPLAY CONSOLE & EXPERIMENT COMPONENTS 


0.25 ri INSPECT FATIGUE TESTER MOUNTING PLATE FOR PROPER INSTALLATION AND 
J POSITION IN AIRLOCK 


— — ACTIVATE FATIGUE TESTER EXTENSION MECHi PARTIALLY DEPLOY EXTENSION BOOM 
0.5 TO VERIFY PROPER OPERATION & CLEARANCE OF AIRLOCK & ALL PALLET-MOUNTED EQUIP 



ACTIVATE LOAD AND CYCLE COUNTER; MONITOR OPERATION 
DURING TESTING OF FATIGUE TEST MACHINE; CHECK FOR 
COBRECT DATA XMISSION FOR REF STD FATIGUE TEST SPECIMEN 

MONITOR OPERATION OF C&D CONSOLE; CHECK FOR CORRECT 
SENDING/RECEIVING OF SIGNALS TO/FROM EXP COMPONENTS 




ro 

00 


1 MONITOR DATA RECORDING; ANALYZE & CHECK RECORDED 
J DATA; VERIFY PROPER DATA RECORDING RATE ,& CAPACITY 


1.0 


ACTIVATE FATIGUE TEST MACHINE; CHECK OPERATION 
WITH REFERENCE STANDARD FATIGUE TEST SPECIMENS 



ACTIVATE CRACK PROPAGATION MONITORING UNIT; CHECK 
OPERATIONS WITH REF STD FATIGUE TEST SPECIMENS 


I 6.5 "I SHUT DOWN & SECURE EQUIPMENT 


TOTAL TIME = 4.5 HOURS 


EN-2 ORBITAL FATIGUE EXPERIMENT 
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0.25 Q activate EXPMT & SUPPORT EQUIP (GSE, TAPE RECORDERS, ETC.) 


I . Q.,5 I 


VERIFY INTEGRITY OF VACUUM CHAMBER 


n — I activate vac CHAMBER DOOR RELEASE MECH; VERIFY CLEAR/WCE OF ALL PALLET-MOUNTED 

1 I EQUIP BY DOOR AS IT OPENS; ACTIVATE DOOR CLOSING COMMAND; CHECK THAT DOOR 

CLOSES & HAS PROPER CONTACT & SEAL 

□ ACTIVATE EXTENSION BOOM; PARTIALLY DEPLOY BOOM & VERIFY CLEARANCE OF ALL 
PALLET-MOUNT EQUIP; RETRACT BOOM & CHECK FOR PROPER STOWAGE IN VAC CHAMBER; 
RE-EHEND BOOM TO CHECK OUT OTHER COMPONENTS 

n or I 1 ACTIVATE SAMPLE TRAY COVER MOTOR; OPEN & CLOSE TRAY COVERS 
— I .J.Q VERIFY PROPER OPERATION 


w 

I 

VO 


1.0 


\ED 


ACTIVATE SAMPLE ARRAY ROTATION MECH; EXERCISE FULL 
ROTATION CAPABILITY 

ACTIVATE SUN SENSORS; CHECK FOR PROPER RESPONSE & REF. ILLUH; 
VERIFY PROPER RESPONSE BY SAMPLE ARRAY ROTATION MECH TO SIGNALS 
FROM SUN SENSORS 


77 -^ ACTIVATE TEMP MEASUREMENT SENSOR; CHECK FOR PROPER DATA 
TRANSMISSION FOR AMBIENT ENVIRONMENT 


0.75 


MONITOR, ANALYZE & CHECK RECORDING OF RAW DATA FROM 
TEMP SENSORS; VERIFY CORRECT RECORDING RATES AND 
CAPACITY 


TOTAL TIME =3.75 HOURS 


POWER DOWN & SECURE EQUIPMENT 


EN-3 ENVIRONMENTAL EFFECTS ON NON-METALLIC MATERIALS 


Fkx:kweit Nemational 
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0.75 I SET UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (6SE, POWER DIST SYS. FLUID SYS. 

TAPE RECORDER, ETC.) 

0.25 Q ACTIVATE CONTROL & DISPLAY CONSOLE 


2.5 


2.5 


MONITOR OPERATION OF C&D CONSOLE; CHECK FOR 
PROPER CMD SENDING, DISPLAY & DATA RECEIVING 


ACTIVATE SIGNAL CONDITIONER; RECORD EXP DATA; 
CHECK REAL-TIME DATA PROCESSING; ANALYZE AND 
CHECK RECORDED DATA 


I 

OJ 

o 



CHECK FLUID SYS INTEGRITY; CHECK PRESSURE TANKS, RESERVOIRS, 
GENERATOR, CONDENSERS, VALVES, & PLUMBING FOR LEAKS 


ACTIVATE GENERATOR RACK; CHECK FOR PROPER PUMPING 
ACTION & HEATER OPERATION; CHECK VALVE OPERATION; 
CHECK THERMOCOUPLE & PRESSURE TRANSDUCER OPERATION 


nm 


DOWN & SECURE EQUIPMENT 


TOTAL TIME =4.0 HOURS 


CS-2 ZERO-G STEAM GENERATOR 


Rockwell International 
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U) 


I 0.5 I SET UP EXP EQUIP & ACTIVATE SUPPORT EQUIP (GSE. POWER DIST SYS. TAPE RECORDER, ETC.) 


0.25 


I I ACTIVATE CONTROL & DISPLAY CONSOLE 



MONITOR OPERATION OF C&D CONSOLE; CHECK FOR PROPER COMMAND SENDING, 
TALKBACKS, DISPLAYS, AND RECEIPT OF EXPERIMENT DATA 


OPERATE SENSOR COVER MECH; OPEN SENSOR COVER TO CHECK DEPLOYMENT MECH; 
CHECK FOR CLEARANCE BETWEEN COVERS & OTHER EQUIPMENT; CHECK FOR 
PROPER COMMAND RESPONSE, TALKBACKS, & DATA 


1 . 


RECORD EXP DATA; CHECK REAL-TIME DATA PROCESSING; ANALYZE AND 
CHECK RECORDED DATA 


0.5 I POWER DOWN & SECURE EQUIPMENT 


TOTAL TIME = 2.5 HOURS 


XST- CONTAMINATION MONITOR 


FkxiweH Intemattonal 
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APPENDIX C. EXPERIMENT SUMMARY 


Appendix C consists of a summary of the requirements for each experiment 
included in the study. These experiments are designed to further the develop- 
ment of new technology and to demonstrate the applicability of this space 
technology to meet the future needs of the nation. Major emphasis of these 
experiments is placed on the exploration of new concepts and instrumentation to 
obtain measurements which test analytical models and provide an engineering base 
for developing future operational systems. The primary source of the data pre- . 
seated in this appendix was NASA TM X-2813, "Study of Shuttle-Compatible 
Advanced Technology Laboratory (ATL)." A second major data source was the 
"Shuttle System Payload Description Activity (SSPDA)" reports of July, 1974. 
Where applicable, the experiment and equipment designations (e.g. , XSTOOl and 
STOOl) of SSPDA are indicated in the data. 

NAVIGATION EXPERIMENTS 

There are three experiments Identified in the area of navigation. These 
experiments are application oriented but Include analytical investigations and 
development of new instrumentation and techniques. Ihe experiments are cur- 
rently at different levels of development, ranging from conceptual definition, 
extensive analytical evaluation, ground-based hardware development and testing 
to planned aircraft flight measurement programs. All experiments utilize 
the Shuttle sortie mission capability to gain access to space as an observa- 
tion platform. 

EXPERIMENT NV-1 (XSTOOl) 

Microwave Interferometer Navigation and Tracking Aid 

Objective, The purpose of this experiment is to determine the utility, 
limitations, and accuracy of a satellite interferometer technique at L-band 
for locating low-powered radio sources on the earth and on moving vehicles 
under a variety of weather conditions. 

Deacription. This Interferometer employs a technique developed to pro- 
vide a means for determining position. This technique is useful in such 
applications as tracking, search and rescue, air-traffic surveillance and 
all-weather navigation. The experiment uses L-band frequency for achieving 
high-accuracy measurements without ionospheric perturbations to the signal 
and without the need for extensive calibration sites. 

The experiment equipment consists of a vernier hellcone antenna and 
preamplifier at each end of extendable orthogonal booms. Cables rmrnlng along 
the boom connect the preamplifier with a radio receiver located at the hub of 
the boom mount. A second set of coarse hellcone antennas are also located 
around the boom mount hub. The booms are retracted and stowed in canisters 
during launch and reentry operations. 

The look angle of the target with respect to the baseline L (the dis- 
tance between two receiving antennas) is determined from the geometry and the 
phase measurement established as a result of the propagation path difference 
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to the two antennas. The geometiry Is illustrated In Figure C-1. This estab- 
lishes a target baseline. The use of orthogonal baselines provides for a 
second baseline with the target being at the Intersection of these position 
lines. A block diagram of the single baseline system Is shown in Figure C-2. 
Two systems are required. 



Figure C-1. Experiment Geometry 
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Block Diagram of Single Baseline Interferometer 
(Two are required for ATL experiment.) 


Figure C-2 
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Physical Parameters - Experiment NV~1 (XSTOOl) 


? 



i 1 — .■■■■ 1 . ... - 1 

Equipment 



Size (ft) 


Vol 

(ft3) 

Wt 

(lb) 

Ref. No. 

Name 

Qty 

Location 

W/Dia 

H 

L 

STOOl 

Vernier Helicone Antenna 

4 

External 

1.3 


1.0 

1.3 

5.0 


Coarse Helicone Antenna 

4 

External 

1.3 


1.0 

1.3 

5.0 

ST002 

Vernier Preamplifier 

4 

External 

1.0 

1.0 

1.0 

1 

5.0 


Coarse Preamplifier 

4 

External 

1.0 

1.0 

1.0 

1 

5.0 

ST003 

Extendable Boom and 
Canister 

4 

External 

1.5 


6.0 

10.6 

65 

ST004 

Boom Mount 

1 

External 

4.0 

- 

6.0 

75.4 

150 

ST005 

Receiver 

8 

External 

.8 

.8 

.8 

.5 

7.0 

ST006 

Electronics 

2 

Internal 

.9 

.9 

.9 

.73 

10.0 

ST007 

Oscilloscope 

1 

Internal 

1.6 

.6 

1.5 

1.44 

29 

ST008 

Digital Tape Recorder 

1 

Internal 

1.6 

.9 

1.6 

2.3 

100 

STOlO 

Output Buffers 

2 

Internal 

.9 

.9 

.9 

.73 

10 

STOll 

Vernier Dig Dis & Rec 

2 

Internal 

1.6 

1 

1.6 

2.56 

10 

Coarse Dig Dis & Rec 

2 

Internal 

1.6 

1 

1.6 

2 .56 

10 

ST012 

Boom Controls 

1 

Internal 


1.0 

1.0 

1 

10 

ST020 

Control and Display 
Cottsole 

1 

Internal 

B 

1.0 

1.0 

1.6 

20 


Configuration - Internal details, see Figure C-3; external details, see Figure C-4. 
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Figure C-3. 


Experiment Module Installed Equipment 


Space Division 
Rockwell International 













Space Division 

Rockwell International 


Eleotvioal/Data Requirements - Experiment NV-1 (XSTOOl) 


Equipment 

Power 

(w) 

Data 


Name 

Stdby 

Operate 

Form 

Rate 


Antenna 

— 

- 

- 

— 


Preamplifier 

10 

10 

A 


ST003 

Extendable Boom 

0 

- 

- 

- 

ST004 

Boom Mount 

0 

100 

- 

- 

ST005 

Receiver 

10 

10 

A 


ST006 

Electronics 

10 

10 

D 

3 MBPS 

ST007 

Oscilloscope 

30 

92 

CRT 

- 

ST008 

Digital Tape Recorder 

25 

250 

D 


STOlO 

Output Buffer 

10 

10 

D 

3 MBPS 

STOll 

Dig Display & Receiver 

15 

15 

Visual 

- 

ST012 

Boom Controls 

10 

10 

- 

- 

ST020 

Control & Display Console 

10 

10 

— 

- 


Pointing and Stability <- Experiment NV^l (XSTOOl) 



Equipment 

Pointing Requirements /Capability 

' 1 

Ref .No. 

Name 

Accuracy 

(deg) 

Duration 

(sec) 

Stability 

(deg) 

Stability Rate 
(deg/sec) 



0.5 

1800 

0.5 

0.1 


Vernier Antenna 

0.5 

1800 

0.5 

0.1 

Instru 

STOOl 

ment Pointing 
Coarse Antenna 






Vernier Antenna 

0.5 

180 

0.5 

.006 
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F-letd of View. Orthogonal boom structure should clear the tail of the 
Shuttle and other experiment structures and be shielded from thermal dump. 
Antenna must have unobstructed RF view of ground position. Static position 
of boom should be maintained within 2 degrees, and a stability rate of lO”^ 
radlans/sec during 10-second measurement times is required. 

Mission Operations. Instrument to be operated from 100 to 300 nmi alti- 
tude over known target and calibration ranges. 


EVA Activity. None planned. 

Crew Function. Initiate and monitor boom and antenna deployment; check 
out, test and calibrate equipment; monitor signals during data runs; coordin- 
ate the experiment with test vehicles and ground stations; secure data record- 
ings; shut doxm equipment; and store booms and antennas for reentry and 
return flight. 

Consumab les . 

Magnetic tape (5 lb, 0.1 ft^) 

Film, none 
Cryogenics , none 


Environmental Requirements 


Operational 

State 

Temp 

("K) 

Rel. Hum. 
(%) 

Cleanliness 

(Class) 

Acoustics 

(dB) 

Acceleration 

(g) 

Operating 
Internal Equipment 

295 + 5 

55 + 25 

300,000 

60 

.001 

External Equipment 

Non-Operating 
Internal Equipment 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equipment 

283 + 83 


300,000 

145 

9.0 
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Development Status., Analytical. studies have been completed and ground- 
based simulation using breadboard hardware is in progress at the Federal 
Systems Division of IBM under Contract NASI- 1099 7. 

experiment NV-2 (XST004) 

Autonomous Navigation 

Oh^eative. The purpose of this experiment is (1) to determine the utility, 
limitations, and accuracy of a number of navigation techniques for determining 
orbital position relative to earth ground track under identlflcal environmental 
conditions; (2) to measure sensor accuracy and overall system error to aid in 
testing analytical error models under a variety of environmental conditions; 
and (3) to flight-test a holographic starfield/landmark tracker and ground 
beacon tracker. 

Desoript-Lon. This experiment examines a number of techniques and/or 
Instruments including the use of star-horizon tracking, known landmark track- 
ing, unknown landmark tracking, groxmd beacon tracking, and combinations of 
these for on-board autonomous navigation. These techniques are autonomous in 
that minimal ground support is required. 

The ground tracking network, along with other Shuttle navigation aids will 
be used to provide precise location and attitude reference standards for assess- 
ing instrument and system errors. Environmental conditions such as lighting, 
thermal state, landmark contrast, and atmospheric conditions will be monitored 
to provide correlation data for performance assessment. A TV camera provides 
real-time viewing for boresighting sensors and for visual monitoring of target 
tracking. Beacon tracking will be performed along with interferometer and/or 
doppler shift measurements. Landmark and starfield tracking will be performed 
with a tracker employing a holographic spatial filtering technique. 

The experiment utilizes a single telescope which is time-shared for both 
starfield 5ind landmark tracking and is coupled to a coherent optical parallel 
image correlator with an inertial reference unit. The equipment is mounted 
within a platform assembly that presumes a Shuttle roll maneuver for target 
viewing. The autonomous navigation experiment is shown in Figures C-5 and C-6. 

A block diagram of the starfield and landmark tracker is illustrated in Fig- 
ure C-7. 


The holographic starfield and landmark tracker uses a 20-cm clear aperture 
Schmldt-Cassegrain telescope with an 8-degree field of view, a 1-watt Hg-Ng 
laser, a 25-mm wafer image intensifier, paraboloidal mirror segments, fixed 
multiplexed matched spatial filter, image dissector electro-optical readout 
system, and an optical-to-optlcal input imaging device. 

Two basic modes can be tested with this design — determination of vehicle 
ephemeris and vehicle attitude. 

For ephemeris determinations , measurements are taken by starfield and 
landmark tracking on a time-shared basis using the inertial system for refer- 
ence data to compare correlation functions. Measurement sampling periods 
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1 

I-* 

o 



a Schmidt-Cassegrain telescope 
b Wafer-type image intensifier 
c Transfer lens 

d 80:20 beam splitter - . 

e He-Ne laser , 

f Pinhole and microscopic objective 
g Beam deflection mirror 
h Collimating lens 


i Optical-to-optical interlace ("OTTO” 
i 1st Fourier transform mirror 
k Multiplexed matched spatial filter 
I 2nd Fourier transform mirror 
m Image dissector readout 
n Image dissector electronics 
o "OTTO" power supply 
p leaser power supply 



Figure C-5. Conceptual Design of Holographic Starfield and Landmark Tracker 


Space Division 
R<x:kwell International 







Starfield 

/ 

/ 





Space DiviskMi 
Rockwell Internatkxial 


Input Scene 


ri y— Trmctor, T. V. & 

V / Photo Caaerw 

— M (3 Ft) (.91 M X 1.52 M x .61 M) 
j j 3 Pt. * 5 Ft. X 2 Ft. 



Figure C-6. Pallet-Installed Equipment 


Ou^ut 

( 3 ) 



Figure C-7. Block Diagram of Starfield and Landmark Tracker Experiment 
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from 3 minutes up to a few hours are desirable with studies indicating about 
5-minute intervals between measurements as optimum. The measurement interval 
time will be varied over a wide range to provide data for determining minimum 
error as a dependent variable. Inertial platform update may be performed 
along with real-time position determination. 

For vehicle attitude determination, the Inertial system will be caged 
and starfleld tracking maintained to determine 3-axls vehicle attitude. 
Measurements will be made over the sampling period range of 0.005 to 1.0 
second to determine minimum error performance. 


Physical Parameters. Escperiment NV-2 (XST004) 


Equipment 



Size (ft) 

Vol 

Wt 


Name 

Oty 

Location 


H 

Efl 

(ft3) 

(lb) 

ST019 

Still Camera 

1 

External 

* 

* 

* 

* 

* 

ST007 

Oscilloscope 

1 

Internal 

1 

1 

1 

1 

29 

ST008 

Tape Recorder 

1 

Internal 

1.6 

.9 

1.6 

2.3 

100 

ST021 

Starfleld/Landmark 

Tracker 

1 

External 

3 

5 

2 

30 

50 

ST022 

Ground Tracker 

1 

External 

it 

* 

it 

* 

* 

ST023 

Inertial Platform 

1 

External 

4 

4 

2 

32 

300 

ST024 

Computer 

1 

Internal 

1.6 

1 

2 

3.2 

111 

ST025 

TV Camera 

1 

External 

* 

* 

* 

* 

* 

ST026 

TV Display 

1 

Internal 

1 

1 

1.5 

1.5 

25 

ST027 

Spatial Filters 


External 

* 

* 

* 

* 

* 

ST028 

Control and Display 
Console 

1 

Internal 

1 

1 

2 

2 

50 

ST029 

Telescope 

1 

Internal 

* 

* 

it 

* 

* 

ST030 

Coherent Optical 
Image Correlator 

1 

External 

* 

* 

* 

* 

* 

ST031 

Experiment Platform 

1 

External 

6 

6 

2 

72 

200 

ST032 

Laser Transmitter 

1 

External 

* 

* 

* 

* 

* 

*Included in ST021 
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ConfiguraHon. (see Figure C-6) 


Eleotricdl/Data Requirements. Experiment NV-2 (XST004) 


Equipment 

Power 

(W) 

Data 


Name 


Operate 

Form 

Rate 

ST007 

Oscilloscope 

30 

92 

CRT 


ST008 

Tape Recorder 

25 

250 

D 


ST019 

Still Camera 

0 

5 

Film 

- 

ST021 

Starfield/Landmark Tracker 

20 

40 

D 

2 MBPS 

ST022 

Ground Tracker 

- 

- 

D 


ST023 

Inertial Platform 

100 

100 

- 

- 

ST024 

Computer 

100 

800 

D 

- 

ST025 

TV Camera 


100 

D 


ST026 

TV Display 

300 

300 

- 

- 

ST027 

Spatial Filters 

- 

- 

- 

- 

ST028 

Control and Display Console 

120 

120 

Display 

- 

ST029 

Telescope 

- 

- 

- 

- 

ST030 

Correlator 

- 

- 

- 

- 

ST031 

Experiment Platform 

- 

- 

- 

- 

ST032 

Laser Transmitter 






Pointing and Stability Requirements'* None 


Field of 'Vi^w. Pallet-mounted instruments require an unobstructed optical 
field-of-view and must be shielded from optical contamination. 


Equipment 

Fleld-of-View (Deg) 

Ref. No. 

Name 

Instantaneous 

Total 

ST021 

Holographic Starfield & 
Landmark Tracker 

8 

8 

ST025 

TV Camera 

36 

- 

ST029 

Telescope 

- 

8 
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Mission Operation. Experiment to be performed from 100 to 300 nmi alti- 
tude with ground track over known landmark target sites. Starfield tracking 
is to be performed 4 times per day, 24 times per mission. Earth tracking is 
to be performed 5 times per day, 30 times per mission. This experiment 
requires coordination with other experiments and with meteorological measure- 
ments. Use of Shuttle systems to obtain navigation data is required as well 
as on-board processing or storage of photographic film. 


EVA Activity. None. 

Crew Function. Deploy equipment; set up, test and calibrate instruments; 
select targets and spatial filters; monitor output signal during data-taking 
intervals; select measurement intervals, coordinate with ground stations and 
other experiments; operate data recorders and secure data storage; and shut 
down equipment and secure for reentry and return flight. 


Consumables. Magnetic tape 

Film (10 lb, 0.2 ft3, 70 ran) 
Cryogenics 


Environmental Requirements - EV-2 (XST004) 


Operational 

Temp 

Rel. Hum. 

Cleanliness 

Acoustics 

Acceleration 

Status 

(”K) 

(%) 

(Class) 

(dB) 

(S) 

Operating 






Internal Equipment 

295 + 5 

55 + 25 

300,000 

60 

.001 

External Equipment 






Non-Op eratlng 






Internal Equipment 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equipment 

283 + 83 


300,000 

145 

9.0 
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Development Status. The holographic starfield and landmark tracker is 
currently being developed and evaluated by the General Electric Company under 
contract NASI- 10739. 

EXPERIMENT NV-3 (XST007) 

Multipath Measurements 

Objective. The purpose of this experiment is (1) to measure the statis- 
tical properties of signals received simultaneously over multiple propagation 
paths between Shuttle vehicles and relay satellites; (2) to determine the 
utility of an analytical multipath model for predicting signal fading; and 
(3) to obtain environmental information on the design of spacecraft antennas 
for use with relay satellites. 

Description. Radio-frequency signals transmitted between low earth- 
orbiting vehicles and geos 3 mchronous communication relay satellites are 
troubled with multipath transmission. Different propagation delays for each 
of the multipaths result in the receipt of a compound signal having partial 
signal cancellation and a reduced signal-noise ratio. 

This experiment employs the spatial modulation extrapolation technique 
to investigate this phenomena. Four interacting effects are considered: 

(1) range-dependent loss, (2) multipath cancellation loss, (3) multiplicative 
noise, and (4) intersymbol interference. 

Multipath fading is most degrading when different propaga.tion paths 
approach equal length, i.e. , over horizon-to-horlzon range. Multiplicative 
noise is most degrading for high grazing angles of the reflected wave. Omni- 
directional antenna systems and polar missions experience high signal degrada- 
tion due to multipath reflections from the earth’s surface regardless of 
antenna directivity. 

In this e^erlment, a transmitter located on a geosynchronous satellite 
will transmit a set of sinusoidal carriers to the receiver system on the 
Spacelab. Measurements will be made at various frequency bands with special 
attention given to S-band and Ku-band frequencies. The specific carrier 
frequencies being considered are L-band (1.5 to 1.6 GHz), S-band (2.025 to 
2.3 GHz) and Ku-band (13.4 to 15.35 GHz). 

Experiment data will be used to verify the analytical multipath model 
used in the design and prediction of multipath- tolerant hardware. The model 
has been verified using aircraft flight test data. The Shuttle-to-satellite 
data are required, however, to further verify the model and to develop 
confidence that it is applicable to space communication systems where the 
vehicle velocity is greatly Increased. 
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Physical Parameters. NV-2 (XSTOO?) 


Eauinment 

Oty 


Size 

(ft) 


Vol. 

(ft3) 

Wt 

(lb) 

mm 

Name 

(J/Dia 

H 

mm 

ST009 

Analog Tape Recorder 

■ 

Internal 

1.6 

.9 

1.6 

2.3 

100 

ST127 

RF Receiver 

■ 

Internal 

1.6 

.5 

1.25 

1 

15 

ST128 

Antenna Mount 

■ 

External 

7* 

- 

9* 

346* 

** 

ST129 

Electronics 

■ 

Internal 

2 

3 

3 

18 

100 

ST275 

Antenna 

0 

External 

6.5 

- 

.167 

5.53 

50 


**Weight Included in antenna weight (ST275) 

*Includes antenna stowage. Deployed to 10.5 ft with .75 ft diameter 
column on 4-ft pedestal. 


Configuration. Not available. 
Eleatriaal/Data Requirements. NV-2 (XSTOO?) 


Equipment 

Power 

(w) 

Data 

Ref. No. 

Name 

Stdby 

Operate 

Form 

Rate 

ST009 

Analog Tape Recorder 

25 

n 

A 

- 

ST127 

RE Receiver 

- 


A 


ST128 

Antenna Mount 






Electronics 

- 

100 

- 

- 


Antenna 

- 

- 

- 

- 
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Pointing and Stability Requirements. NV-3 (XST007) 


Equipment 

I Pointing & Stability 



Accuracy 

Duration 

Stability 

Stab. Rate 

Ref. No. 

Name 

(deg) 

(sec) 

(deg) 

(deg/sec) 

Shuttle 

■ Pointing Req 





ST128 

Antenna Mount 

.5 

1800 

.5 

.5 

1 

Mount Pointing Req* 





ST128 

Antenna Mount 

1 

.5 

1800 

.5 

.5 

1 

Instrument Pointing Cap 





ST128 

Antenna Mount 

.5 

1800 

.5 

i 

.5 


*Accuracy required at inner pimbal. 


Field of View. TBD 

Mission Operation. Experiment is to be conducted from a 100 to 300 nmi 
altitude orbit at an inclination of 60 to 90 degrees. Experiment is to be 
performed 2 times per day, 10 times per mission. There are approximately 
4 viewing opportunities per day. Measurements are to be taken over various 
terrains and ocean areas. 


EVA Activity. None. 


Crew Funotions. Deploy antenna and perform system checkout; calibrate 
and test equipment; select desired frequency band and coordinate with trans- 
mitter source; steer antenna; initiate, operate, and monitor recordings; 
observe and record meteorological conditions; and adjust equipment as required 
to complete measurements. 

Consumables . 

Magnetic tape, 5 lb; 0.1 ft^ 

Film, none 
Cryogenics, non 
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Envirormental Requirements. NV-3 (XSTOO?) 


Operational 

Status 

Temp 

(“K) 

Pel. Hum. 
(%) 




Operating 
Internal Equipment 

295 + 5 . 

55 + 25 

300,000 

60 

.001 

External Equipment 
Non-Operating 
Internal Equipment 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equipment 

283 + 83 


300,000 

145 

9.0 


DeveZopment Status. The receiver, antenna and recorders could be 
developed within an 18- to 30-month time period. 
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EARTH OBSERVATION EXPERIMENTS 


Nine experiments have been Identified In the area of earth observations. 
The experiments Include the application of laser technology to environmental 
measurement problems, application of solid-state spectral scanner technology 
to coastal zone oceanography, and the use of the Shuttle to deliver atmospheric 
and oceanographic sensors to remote regions of the earth. 

EXPERIMENT EO-1 (XSTOlO) 

Lldar Measurements of Cirrus Clouds and Lower Stratospheric Aerosols 

Objective. The purpose of this experiment Is to measure the spatial 
distribution of cirrus clouds and lower stratospheric aerosols. 

Descripticn. This Lldar system consists of a pulsed laser transmitter 
monostatlcally aligned with a receiving telescope. The output of the tele- 
scope Is optically filtered, detected by a photodetector, and recorded. A 
camera, boreslghted with the nadlr-polnted Lldar, provides photographic 
coverage of the clouds. Cirrus cloud altitudes, derived from the Lldar In 
conjunction with the photographs , will be used to generate three-dimensional 
cloud maps. In addition the position, heights and scattering function pro- 
files of lower stratospheric aerosols will be determined. 

The maps obtained from the Lldar will provide the data required to 
(1) permit accurate, long-term weather forecasting; (2) minimize the error In 
radiometric determinations of temperature from space; and (3) permit under- 
standing of the Importance of the high solar radiation reflectivity of cirrus 
clouds on the earth heat budget. 

The data obtained on the aerosol distribution In the lower stratosphere 
will permit an understanding of Its effect on the atmospheric albedo and 
radiometric data. 

The block diagram of the Lldar measurement experiment Is shown In 
Figure C-8. The Instrument package Is Illustrated In Figures C-9' and C-10- 
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Figure C-10. Experiment Module Installed Equipment 
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Physical Parameters. EO-1 (XSTOlO) 


Equipment 

IH 

Location 

BSnBSIH 

BSBI 

Wt 

(lb) 

Ref .No. 

Name 

W/Dla 

H 

mm 


ST007 

Oscilloscope 

B 

Internal 

1.6 

.6 

1.5 

1.44 

29 

ST008 

Digital Tape Recorder 

■ 

Internal 

1.6 

.9 

1.6 

2.3 

100 

ST024 

Computer 

■ 

Internal 

2 

2 

2 

8 

160 

ST035 

Data Processing Equip 

■ 

Internal 

1 

1 

1 

1 

10 

ST054 

35 MM Cine Camera 

2 

External 

.5 

1 

1 

.5 

20 

ST132 

Lidar Transmitter 

B 

External 

3.3 

- 

3.8 

32.5 

500 

ST133 

P.ecelving Telescope 

■ 

External 

2.5 

- 

4.3 

21.1 

150 

ST134 

C/D Console 

■ 

Internal 

2 

3 

2.5 

15 

60 

ST 13 5 

Housing 

■ 

External 

3.33 

- 

5 

43.5 

430 


Confi guration . 

Internal details (See Figure C-10 ) 
External details (See Figure C— 9 ) 
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Eteoti^QaZ/Data RequiTeTneyits . EO-1 (XSTOlO) 


Eouinment 

Power (w) 

Data 

Ref. No. 

Name 

E339H 

Operate 

Form 

Rate 


Oscilloscope 

30 

92 

Display 


ST008 

Digital Taper Recorder 

25 

250 

D 

— 

SX024 

Computer 

- 

50 

— 

— 

ST035 

Data Processing Equip 

10 

10 

D 

- 

ST054 

Cine Camera, 35 mm 

- 

50 

Film 

- 

ST132 

Lidar Transmitter 

- 

500 

— 

— 

ST133 

Receiving Telescope 

- 

20 

A 

- 

ST134 

C/D Console 

- 

50 

Display 

- 

ST135 

Housing 

— 

— 

— 



Pointing <md Stability Requirements, EO-1 (XSTOlO) 


Eauipment 

Pointing & Stability 



Accuracy 

Duration 

Stability 

Stab. Rate 

Ref. No. 

Name 

(deg) 

(sec) 

(deg) 

(deg/sec) 

Shuttl 

e Pointing Req 





ST132 

Transmitter 

1 

225 

1 

.1 

ST133 

Telescope 

1 

225 

1 

.1 

Mount 

Pointing Req 





ST132 

Transmitter 

1 

225 

1 

.1 

ST133 

Telescope 

1 

225 

1 

.1 

Instr 

Pointing Cap 





ST132 

Transmitter 

1 

225 

1 

.1 

ST133 

Telescope 

1 

225 

1 

.1 


Field, of View. Both the telescope and the cine camera have a 0.1-degree 
Instantaneous field of view, and a 1.0-degree total field of view. 
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Miss%on Operation. The experiment is to be operated from polar orbit 
for global coverage. Any orbit, however, will provide meaningful data. The 
Spacelab is to be stabilized during experiment operation. The experiment must 
be pointed at nadir and the Spacelab longitude, latitude and altitude known 
within the accuracy of the Shuttle stability control system. Simultaneous 
Lidar and camera observations are to be made on the sun-lit side of the earth 
for the duration of the mission. Lidar observations only will be made on the 

dark side of the earth. Experiment is to be performed 16 cycles /day, 96 cycles 
per mission. ^ 


Crew Function. Experiment is fully automated. Crewman required to 
edit data and maintain equipment . 

Consumables. Magnetic tape: 10 lb, 0.2 ft^ 

Film: 10 lb, 0.2 ft^, 35 ran 

Cryogenics 


Environmental Requirements. EO-1 (XSTOlO) 


Operational 

Status 

Temp 

(“K) 

Rel. Hum. 
(%) 


Acoustic 

(dB) 

Acceleration 
. (P) 


295 + 5 

55 + 25 

300,000 

60 

.001 

External Equipment 

Non-Operating 
Internal Equipment 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equipment 

283 + 83 


300,000 

145 

9.0 


Development Status. The development schedule for the experiment equipment 
through hardware fabrication and test is 5 years. 
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EXPERIMENT EO-2 (XSTOll) 

Tunable Lasers 

Objeaiyive. Ihe purpose of this experiment Is to develop a flight- 
qualified tunable Injection laser monochrometer system for remote sensing 
of earth atmospheric constituents and pollutants and for in situ measurements 
of atmospheric constituents and pollutants Interior to and near the spacecraft. 

Descvi'ption. Recent laser technology developments Indicate that tunable 
laser techniques may provide a method of directly measuring the vertical dis- 
tribution of pollutants from satellite altitudes by measuring the spectral 
line widths of the Infrared absorption bands of pollutant molecules as a 
function of pressure. 

Tunable lasers provide a means of concentrating large amounts of energy 
in narrow spectral lines which can be matched to the absorption lines of the 
pollutant. In the case of tunable Injection lasers, these narrow spectral 
lines can be continuously tuned in wavelengths over a large spectral range 
(on the order of 1 to 10 mm). This allows Increased spectral resolution by 
a factor of 10^, and sensitivity by a factor of 10^, over existing passive 
techniques . 

The purpose of this experiment is to measure the vertical distribution 
of atmospheric pollutants using either a double-ended technique (tunable 
injection laser monochromator) or a single-ended technique (tunable laser 
heterodyne radiometer). 

The double-ended technique, although more difficult to perform since it 
requires precise tracking and pointing, is attractive since laser absorption 
measurements in the infrared region have been demonstrated to be extremely 
sensitive. 

The heterodyne technique is attractive since it represents a single-ended 
measurement, but it does require further laboratory studies to demonstrate 
feasibility with a tunable injection laser as a local oscillator. 

A secondary purpose of the experiment is to measure the atmosphere sur- 
rounding or interior to the Shuttle. A retro re fleet or on a boom and deployed 
from the Shuttle is required for the exterior measurements. The parameters 
to be measured are as follows. 

1. Vertical distribution of atmospheric constituents and pollutants 
which contain absorption bands in the 2- or 3-mlcrometer region. 

2. Spectroscopic parameters such as line shapes and line positions 
for use in computer modeling programs of the atmosphere. 

3. Concentration of molecules in the atmosphere interior to and 
surroimding the Shuttle. 

Block diagrams of the two configurations are shown in Figure C-11. 
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Instrument package 

I 1 



DOUBLE-ENDED ABSORPTION EXPERIMENT 


Instrument package 

I 1 



I ' I 

TUNABLE LASER HETERODINE RADIOMETER 


Figure C-11 . Block Diagram of Txmable Injection Laser Experiments 
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Phys'ioat Parameters. E02 (XSTOll) 


Equipment 

IIH 


Size 

(ft) 


Vol 

Wt 


Name 

Qty 

Location 

W/Dia 

H 

EH 

(ft3) 

(lb) 

Dot 

ible-ended Absorption 








ST008 

Data Recorder 

1 

Internal 

1.6 

.9 

1.6 

2.3 


ST042 

Boom 

1 

External 

1 

- 

1* 

.78 


ST138 

IR Detector 

1 

External 

.4 

- 

1.5 

.19 


ST139 

Cryogenics 


External 

1 

- 

3.8 

3 


ST136 

Tunable Laser 

1 

External 

1.5 

- 

2.3 

4.05 

50 

ST141 

C/D Console 

1 

Internal 

2 

3 

2.5 

15 

60 

ST277 

Telescope, 24-inch 

1 

Internal 

2 

- 

- 

- 

150 

ST283 

Power Supply, Laser 

1 

External 

1.58 

1.17 

1.5 

2,77 

100 

Heterodyne Radiometer 








ST008 

Data Recorder 

1 

Internal 

1.6 

.9 

1.6 

2.3 

100 

ST142 

Tunable Laser 

1 

External 

1.5 

- 

2.3 

4.06 

50 

ST143 

Mixer /Detector 

1 

External 

.4 

- 

1.5 

.19 

5 

ST144 

Laser Electronics 

1 

Internal 

1 

.5 

.5 

.25 

10 

ST283 

Power Supply, Laser 

1 

External 

1.58 

1.17 

1.5 

2.77 

100 

ST277 

Telescope, 24-inch 

1 

Internal 

2 


• 


150 

*Deploys 15 feet 


Configurations. Not available. 
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EleotriQal/Data Requtvements . EO-2 (XSTOll) 


Eauioment 

Power 

(w) 

Data 

Ref. No. 

Name 

Stby 

Operate 

Form 

Rate 


ended Absorption 





ST008 

Data Recorder 

25 


D 

- 

ST042 

Boom 

- 


- 

- 

ST136 

Tunable Laser 

2 

10 

- 

- 

ST138 

IR Detector 

- 

10 

D 

80 KBPS 

ST139 

Cryogenics 

- 

10 

- 

- 

ST141 

C/D Console 

- 

20 

- 

- 

ST277 

Telescope 





ST283 

Power Supply 


20 

— 

“ 

Heteroc 

yne Radiometer 






Data Recorder 

25 

250 

D 

- 


Tunable Laser 

2 

10 

- 

- 


Mixer /Detector 

- 

10 


80 KBPS 


Laser Electronics 

- 

10 

- 

- 

ST277 

Telescope 





ST283 

Power Supply 


20 



“ 



Pointing and Stability Requirements. 

Shuttle Pointlnp Requirements & Final Instrument Pointing Capability 


Ec 

uipment 


Pointing & 

Stability* 




Accuracy 

Duration 

Stability 

Stab. Rate 

Ref. No. 

Name 

(deg) 

(sec) 

(deg) 

(deg/sec) 


Tunable Laser 

2 


2 

.5 


IR Detector 

2 


2 

.5 

ST142 

Tunable Laser 

1 

120 

1 

.1 

*Target Tracking 
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Field of ViebJ 

IR detector 

Instantaneous FOV: 1 degree 

Total FOV: 2 degrees 

Miaeian Ogerabion. The experlstent Is to be operated from a polar orbit 
for global coverage. Any orbit, however, will provide meaningful data. 
Experiment Is to be performed 2 tlmes/day, 14 times /miss Ion. There are 
approximately 10 viewing opporttmltles/day. 


EVA Activity. None 

Crew Function. Pointing and tracking Is required for the double-ended 
system. To obtain ccxnplete tun ability of the Injection laser from 2 to 30 
mlcraneters, a variety of Injection lasers must be used. Ihe procedure for 
changing lasers would Involve a snsq>-ln procedure for a trained technician. 
Minor alignment of system optics may be required. 

Consumables 

Magnetic tape: 10 lb, 0.2 ft^ 

Film: None 

Cryogenics: Helium or nitrogen, 20 lb, 0.3 ft^ 


Environmental Requirements. EO-2 (XSTOll) 


Operational 

Status 

Tenq> 

CK) 

Rel. Hum. 
(%) 

Cleanliness 

(Class) 

Acoustics 

(dB) 

Acceleration 

(P) 

Operating 

Internal Equipment . 

295 + 5 

55 + 25 

300,000 

60 

.001 

External Equipment 
Non-Operating 
Internal Equipment 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equipment 

283 + 83 


300,000 

145 

9.0 


Development Status, A CO 2 laser heterodyne radiometer Is currently being 
developed by AIL, a division of Cutlei^Hanmer for 6SFC under Contract NAS5-23056. 
. Scheduled conq>letlon date Is November 1976. 
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EXPERIMENT EO-3 (XST012) 

Mixltlspectral Scanner for Coastal Zone Oceanography 

Objective. The purpose of this essperlment is to obtain narrow band 
spectral signatures of coastal zone features as a function of spatial reso- 
lution and field of view. 

Description. This experiment consists of two solid-line scanners ; one 
a low- resolution, wide fleld-of-view instrument; the other, a high-resolution 
narrow field-of-view Instrument. Both instruments have an off-nadir pointing 
capability. The high-resolution instrument is used to sample selected areas 
of the field of view of the low- resolution Instrument. Figure C-12 illustrates 
the scanning system. A block diagram of the multispectral scanner is shown 
in Figure C-13. 

The experiment Involves observations of predetermined coastal zone 
environmental features with various combinations of spectral wavelength, 
spatial resolution and field of view. 


Physical Parameters. EO-2 (XST012) 


Equipment 

Oty 

Location 

Size (ft) 

Vol 

(ft3) 

Wt 

(lb) 


Name 


H 

L 

ST008 

Tape Recorder 

B 

Internal 

1.6 

.9 

1.6 


100 

ST033 

H. Res. Scanner 

■ 

External 

1.5 

- 

2.5 


40 

ST034 

L. Res. Scanner 

■ 

External 

1.5 

- 

2.5 


40 

ST035 

Data Processing Equip. 

■ 

Internal 

1 

1 

1 

■ 

10 

ST036 

C/D Console 

1 

Internal 

1.5 

2 

2 

6 

60 


Configuration. Not available. 


Electrical/Data Requirements. EO-2 (XST012) 


Equipment 

Power 

(w) 

Data 

Ref . No . 

Name 

Stby 

Operate 

Form 

Rate 

ST008 

Tape P.ecorder 

25 

250 

D 

— 

ST033 

H. Res. Scanner 

15 

15 

D 

10 MBPS 

ST034 

L, Res. Scanner 

15 

15 

D 

10 MBPS 

ST035 

Data Processing Equip. 

10 

10 

D 

— 

ST036 

C/D Console 

120 

120 

Displays 
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figure C-3 2, Multlspectral j;naging System for 
Coastal Zone Studies 



figure C-13. Block Diagram of Miiltlspectral Scaimer for 
Coastal Zone Oceanography E^erlment 
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The minimum acceptable data rate of 10 Mbps permits one 10-meter (32.8 
feet) resolution channel and one 75-meter (246.1 feet) resolution channel to 
be obtained. It is desired, however, to make the observations simultaneously 
in at least three spectral bands. This would result in a maximum data rate 
of 30 Mbps. 


Pointing and Stability. EO-3 (XST012) 


Equipment 


Pointing & 

Stability 




Duration 


Stab . Pate 

Ref. No. 

Name 

(Deg) 

(Sec) 

(Deg) 

(Deg/Sec) 

Shuttl 

e Pointing Req 





ST033 

H. Res. Scanner 

.5 

1800 

.5 

.1 

ST034 

L. Res. Scanner 

.5 

1800 

.5 

.1 

Final Inst 

rument Pointing Cap 






H. Res. Scanner 

.1 

300 

.1 



L. Res. Scanner 

.1 

300 

— 

.1 

.02 


An earth pointing capability of 0.3 to 0.6 degree and attitude determin- 
ation of 0.01 to 0.03 degree are desired. 

Field of Vieu) 

Total FOV: High-resolution scanner, 2.9 degrees 

Low-resolution scanner: 28 degrees 

Mission Operation, It is preferred that the experiment be performed 
from an orbit such as 64 degrees retrograde that is tuned to the coastal 
zones of Interest. Any orbit, however, provides useful data. The experiment 
is to be performed 3 times/day, 18 times /miss ion. The' observations are to be 
of earth coastal regions under favorable lighting conditions. The frequency 
duration of observation depends upon the orbital parameters. 


EVA Activity. None. 

Cr^w Function. The experiment is highly automated. Crew function is 
limited to initiation of experiment instrument calibration and monitoring 
Instrument performance. ° 
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Consiandblee 

Magnetic tape: 50 lb, 1 ft^ 

Cryogenics : None 


EnvircnmentaZ Bequirementa . EO-3 (XST012) 


Operational 

Temp 

Rel. Bum. 

Cleanliness 

Acoustics 

Acceleration 

Status 

(“K) 

(Z) 

(Class) 

(dB) 

(p) 

Operating 






Internal Equip 
External Eqiiip 

295 + 5 

55 + 25 

300,000 

60 

.001 

Non-Operating 






Internal Equip 

295 + 20 

50 + 45 


145 

9.0 

External Equipment 

283 + 83 


■ 

145 

9.0 


Development Status* The development and qualification of the basic 
instrument system is contingent upon the definition of a coastal zone 
oceanography experiment. 
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EXPERIMENT EO-4 (XST002) 

Microwave Radiometer Measurements 


Oboeotd,ve. The purpose of this experiment is to (1) develop and test 
new microwave components and techniques, (2) make day /night measurements of 
ocean temperature and sea state with microwave radiometers under varying 
meteorological conditions, and (3) measure radio-frequency radiation from 
galactic sources. 

Desovipt-tcn. This experiment employs a passive receiver to measure the 
emission from radiators such as the ocean at a frequency selected to minimize 
the effects of the ionosphere, clouds, atmosphere, and background noise. 
Minimum attenuation due to atmosphere, ionosphere and clouds exists in the 
frequency range of 30 MHz to 10 GHz. Within this region, thermal emissions 
from the ocean can be detected both day and night under adverse weather 
conditions. Within the aforementioned frequency band, frequencies can be 
monitored between 1 GHz and 10 GHz with a minimum of background noise, thereby 
permitting high measurement accuracy. 

The radiometer provides an output signal level that is proportional to 
the temperature of the ocean within the antenna footprint. This output signal 
is a function of the received power. The source temperature change can be 
derived from the change in received power according to the relationship 

P = Delta- TKB 

where Delta-P is the change in received power, Delta-T is the change in source 
temperature, K is Boltzman's constant, and B is the receiver bandwidth. 

It is important to constrain the power received at the radiometer to the 
energy emitted from the ocean surface. In addition, the antenna beam effi- 
ciency must be carefully designed and controlled. The antenna for this 
experiment is a corrugated horn antenna designed to operate between 1 GHz 
and 8 GHz, and have a beam efficiency of 98 percent with ohmic loss less 
than 0.05 dB. The antenna configuration is depicted in Figure C“34. The 
spatial resolution of the system is a function of the aperture size as shown 
in Figure C-15. The antenna will be stowed in the Shuttle bay during 
delivery into orbit and deployed for experiment operation. 

After deploying the antenna, feed and frequency selection, equipment 
tum-on, and calibration from both on-board and ground installation sources, 
data runs will be performed in an earth-looking orientation while flying over 
ocean areas. During these observation intervals, on-board monitoring and 
periodic calibrations will be performed and data recorded. Simultaneous 
photographic coverage in the optical and infrared spectrum will be made for 
post-flight comparison. Spacelab position and stability, antenna look-angles, 
polarization, frequency, and antenna temperature are to be recorded during 
data runs. 
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> Maximum resolution as a function of antenna radius for nadir-looking Bicroirave 
kadioneter at 556 ka (500 n. mi.) orbital altitude. > is wavelength. 


C-35 


SD 74-SA-0156 




Space Division 
Rockwell International 


During those portions of the orbit when the Spacelab is over terrain, the 
antenna is to be pointed toward space to make calactic noise measurements to 
provide data on background noise temperature. 


A block diagram of this experiment is shown in Figure C-16. 
Physical Parameters. EO-4 (XST002) 


Equipment 



Size 

(ft) 


Vol 

Wt 

[^233 

Name 

Oty 

Location 

^^1 

H 

L 

Cft3) 

(lb) 

ST007 

Oscilloscope 

1 

Internal 

1.6 

.6 

1.5 

1.44 

29 

ST008 

Digital Recorder 

1 

Internal 

1.6 

.9 

1.6 

2.3 

100 

ST013 

Corrugated Horn Antenna 

1 

External 

12.5* 

- 

6.5* 

798* 

300 

ST014 

Radiometer 

1 

External 

2 

3 

3 

18 

40 

ST015 

Strip Chart Recorder 

1 

Internal 

1.5 

1 

1.6 

2.16 

100 

ST016 

Signal Generator 

1 

Internal 

1.58 

.5? 

1.5 

1.38 

20 

ST017 

Spectrum Analyzer 

1 

Internal 

1.58 

.58 

1.5 

1.38 

30 

ST018 

Radiometer Electronics 

1 

Internal 

2 

4 

3 

24 

50 

ST019 

Stiil Camera 

1 

Internal 

.5 

.5 

.5 

.125 

5 

ST020 

C/D Console 

1 

Internal 

1.6 

1 

1 

1.6 

20 

*Stowed dimensions. Antenna deploys 

to be 12. 

5 dia X 25 

feet 

» 



The corrugated horn antenna is folded and stowed during Shuttle flight 
to and from orbit. 


Vehicle maneuvering and antenna steering and mounting on the pallet 
within the Shuttle bay will require special emphasis to ensure proper viewing 
of target areas. 

Configuration. Not available. 
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Figure C-16. Block Diagram of Microwave Radiometer Measurements Experiment 
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Electrical /Bata Requirements. EO-4 (XST002) 


Equipment 

Power 

(w) 

Data 


Name 


Operate 

Form 

Rate 

ST007 

Oscilloscope 

30 

92 

CRT 

- 

ST008 

Digital Recorder 

25 

250 

D 

- 

ST013 

Corrugated Horn Antenna 

- 

- 

A 

- 

ST014 

Radiometer 

20 

20 

A 

45K 

ST015 

Strip Chart Recorder 

25 

250 

Display 

- 

ST016 

Signal Generator 

30 

30 

A 

- 

ST017 

Spectrum Analyzer 

50 

50 

A 

- 

ST018 

Radiometer Electronics 

20 

20 


- 

ST019 

Still Camera 

0 

5 

Film 


ST020 

C/D Console 

10 

10 

" 

“ 


Pointing and Stability Requirements. The pointing and stability 
requirements for the corrugated horn antenna are as follows: 



~ ■ ' " 

Area 

Accuracy 

Duration 

Stability 

Stab. Pate 

Tareet 

Requirement 

(Dep) 

(Sec) 

(Deg) 

(Deg/Sec) 

Galactic 

Shuttle Pointing 

.5 


.5 

.1 


Mount Pointing* 

.2 


.2 

.1 


Final Inst . Pointing 

.2 

1800 

.2 

.1 

Earth 

Shuttle Pointing 

.5 

600 

.2 

.2 

Surface 

Mount Pointing* 

.2 

600 

.2 

.1 


Final Inst. Pointing 

.2 

600 

.2 

.1 

*Accuracy required at inner gimbal. 


Field of Vieio 

Antenna instantaneous FOV: 0.3 degree 

Antenna total FOV: 30 degrees (cross-track) 
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Mission Operation. The experiment Is to be conducted from an altitude 
of 100 to 300 nmi. Earth-looking measurements are to be made over ocean areas 
and space-looking measurements are to be made over land areas. Antenna rota- 
tion during data taking is to constrain to less than 0.2 deg/sec. Galactic 
and earth surface observations are to be performed 16 times per day each. 

Total number of galactic observations per mission is 16. Total number of 
earth surface observations per mission is 64. 


EVA Activity. None 

Crew Functions. Initiate and monitor antenna deployment; set up and 
check out equipment; test and calibrate radiometer; direct the antenna and 
operate the equipment during data-taklng intervals; monitor signals and 
observe target areas; photograph targets; monitor and operate recording 
equipment; maintain voice contact and coordinate with ground operations; and 
secure equipment for reentry and return flight. 

Consumables. Film; TBD 

Magnetic tape: TBD 

Strip chart : TBD 

Cryogenics : None 

Environmental Requirements. E0~4 (XST002) 


Operational 

Status 

Temp 

(“K) 

Pel . Hum . 
(%) 

Cleanliness 

(Class) 

Acoustics 

(dB) 

Acceleration 

(p) 

Operating 






Internal Equip 
External Equip 

295-^5 

55 + 25 

300 ,000 

60 

.001 

Non-Operating 






Internal Equip 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equip 

283 + 83 


300,000 

145 

9.0 
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DeveZopment Status. A radiometer and antenna are currently under 
development by LaRC, and ground-based experiments are in progress to develop 
a technique for extracting sea state from radiometric measurements. Aircraft 
system flight tests are planned for CY 1974. Results from this effort will 
be used to design flight hardware for flight on the Shuttle. 


EXPERIMENT EO-5 (XST003) 

Precision Laser Ranging and Altimetry 

Objective. The purpose of this experiment is to (1) determine the 
utility, limitations, and accuracy of a mode-locked laser ranging system to 
measure range, line-of-sight angles and range rate; (2) evaluate the utility 
of on-board laser ranging to measure range to within +3 cm over Shuttle-to- 
ground distances; (3) isolate problems that may be associated with the use of 
laser ranging in the earth-space environment; and (4) determine optimal 
engineering parameters under various modes of operation and operating 
conditions. 

Description. Unlike microwave radars, optical systems for laser ranging 
maintain high isolation between the transmitter and the receiver. This 
allows for either continuous wave or pulse operations plus the measurement 
capability to essentially zero range. Short pulse operation and narrow beam- 
widths can be combined to provide high range and angle resolution. For 
applications such as remote satellite stationkeeping from a manned vehicle, 
or rendezvous between manned vehicles, laser ranging techniques appear ideally 
suited. In applications requiring transmission through the atmosphere, such 
as altimetry, where absorption and scattering occur, special attention must 
be given to frequency selection and the monitoring of meteorological conditions. 
In keeping with these considerations, this experiment will be conducted with 
cooperative targets. To minimize search time, an auxiliary tracking instru- 
ment has been included. 

Current ground-to-satellite measurements are made with an uncertainty 
of between 20 and 30 cm. Ranging with an accuracy of +3 cm would permit 
more accurate measurement of the spatial variations of the earth's gravita- 
tional field, the measurement of tectonic motions of the earth, and improve- 
ment of geodlmeter transverse surveys. The availability of accurate ephemeris 
data would improve satellite position predictions, thereby impacting future 
satellite systems. This experiment will provide the necessary flight develop- 
ment testing of a laser ranging system capable of measuring satellite 
distances to within +3 cm. 

In this experiment, range is measured as a function of transmission time. 

A laser pulse is emitted, reflected from a retroref lector , and returned to 
the receiver. Transmission time is accurately measured to effect range 
measurements to within +3 cm. 

Two separate modes of operation are considered in this experiment: 

(1) laser radar operation between the Shuttle and a target satellite and/or 
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aircraft, and (2) laser radar operation as a Shuttle- to-earth surface- 
ranging altimeter. A different output energy level is required for each 
operation mode. 


In the Shuttle-to-satellite or aircraft mode, measurements will be made 
with a cooperative target at various ranges up to 300 nmi. Tests will be 
scheduled to include different background illumination conditions to aid 
in evaluating target acquisition and tracking under varying noise conditions. 

The Shuttle-to-satellite measurements will be addressed to determine 
target acquisition and lock-on capability, probability of detection, system 
accuracy, and false-alarm rate. To evaluate target acquisition and lock-on, 
tests will be conducted using diminished search volume techniques having 
known relative ephemeris. This mode of operation, however, is considered of 
secondary importance. 

The Shuttle-to-earth measurements are to receive primary emphasis. The 
Shuttle will carry a mode-locked laser transmitting and receiving system, and 
ranging measurements will be made to known ground areas and retroref lectors. 
Absorption, scattering, and background reflectivity of terrestrial features 
require additional monitoring to assess the overall instrument performance. 

For these reasons, meteorological conditions and accurate footprint measure- 
ments and calculations will be required. Shuttle-to-earth measurements will 
be made to evaluate the accuracy of range data obtained and to determine the 
effect of cloud cover, weather patterns, climatic conditions, and geography 
on instrument performance. 

To aid in this evaluation, consideration is being given to the use of a 
high- resolution microwave altimeter for making simultaneous range measurements. 
Photographic recording of cloud cover is to be made and ground-truth data from 
known land surveys will be used to select target locations. 

A simplified block diagram of the Shuttle-to-earth transmitter-receiver 
system is shown in Figure C-17; a breakdown diagram showing the optical and 
electrical data flow paths is shown in Figure C-18; and a preliminary instru- 
ment configuration is illustrated in Figure C-19, 



Figure C-17. Block Diagram of Mode-Locked Laser Ranging Instrument 
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Detection 

system 


Figure C-18 . Flow Schematic of Mode-Locked Laser Signal 


Photographic camera may be 
located near axis of primary 
laser instrument 


Photo camera, 

0.30 m X 0.30 m x 0.15 m 
(1 ft X 1 ft X 0.5 ft) 


Image 

scene 

I 

I 

I 

I 


/ 


if y- Viewing window 

w 


rt 

c: 

tr> 


II*;, 


Receiver-transmitter, 
|1.22 m X 0.91 m x 1.22 mr 
(4 ft X 3 ft X 4 ft) - 




Electronics, ^ 

0.61 m X 0.91 m x 0.61 m ri\ 
(2 ft X 3 ft X 2 ft) — 



TV camera (slaved to mirror) 


Pallet 


Pressurized lab 

Figure C-19. Laser Ranging Experiment 
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Physical Parameters. EO-5 ■ (XST003) 


Equipment 



Size (ft) 

Volume 

Weight 

Ref. No. 

Name 

Qty 

Locations 

W/dia 

H 

i-i 

(ft3) 

(lb) 

ST025 

TV Camera 

mm 

External 

0.25 

0.5 

0.67 

0.08 

5 

ST054 

Still Camera 

B 

Internal 

0.25 

0.5 

0.5 

0.063 

50 

ST118 

Laser 

B 

Internal 

4.0 

4.0 

3.0 

48.0 

260 

ST119 

Re troref lector 

B 

External 

1.0 

- 

1.66 

1.3 

10 

ST120 

Track Instrument 

B 

External 

0.5 

1.0 

1.0 

0.5 

20 

ST122 

Electronics 

B 

Internal 

2.0 


3.0 

12.0 

50 


Ccfn figuration Not available. 


Electrical/Data Requirements. EOS (XST003) 


1 Equipment 

Power (Watts) 

Data 


Name 

Standby 

Operate 

Form 

Rate 


TV Camera 


50 

Display 

- 


Still Camera 

- 

50 

Film 

- 

ST118 

Laser 

- 

600 

- 

- 

ST119 

Re troref lector 

- 

- 

- 

- 

ST120 

Track Instrument 

- 

15 

D 

1 kbps 

ST122 

Electronics 

- 

100 

- 

- 


Pointing and Stability Requirements. EO-5 (XST003) 


Equipment 

Pointing 

Accuracy 

(degrees) 

Duration 

(seconds) 

Stability 

(degrees) 

Stability 

IRate 

(deg/sec) 

Ref. No. 

Name 

1 

SHUTTLE POINTING REQUIREMI 

:nts 




ST118 

Laser** 

0.5 

1800 

0.5 

0.1 

ST120 

Tracking Instrument 

0.5 

1800 

0.5 

0.1 

MOUNT POINTING REQUIREMENT* 




ST118 

Laser** 

0.01 

180 

0.01 

0.1 

ST120 

Tracking Instrument 

0.1 

180 

0.1 

0.1 

FINAL INSTRUMENT POINTING 

CAPABILITY 




ST118 

Laser** 

0.01 

180 

0.01 

0.1 

ST120 

Tracking Instrument 

0.01 

180 

0.1 

0.1 


*Accuracy required at inner gimbal. 
**Target tracking. 
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Field of Vieu) 

Track instrument 

Instantaneous FOV: 1 degree 

Total FOV: 10 degrees 

A clear, uncontaminated, optical field of view is required during data- 
taking and the optical system must remain clear during total mission time. 


Mission Operation. Experiment to be conducted from a 100 to 300 nmi 
altitude with low earth orbit ground track over known target areas. Coordin- 
ation with aircraft or other satellites is required. 

Target lock-on and tracking will require special equipment, including 
target source lllixmlnatlon , without producing undesirable background noise 
at laser frequencies. Further analysis is required to select targets. 


EVA Activity. None 

Crew Function. Test, calibrate and maintain equipment; observe and 
select targets; monitor data-taking; coordinate with targets, ground-track, 
and other experiments; check optical system performance; secure recorded 
data; and shut down equipment and secure for reentry and landing. 


Consumables 

Film: 10 lb, 0.2 ft^ 

Magnetic tape: 10 lb, 0.2 ft^ 

Cryogenics : None 
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Envircomental Requirements. EO-S (XST003) 


Operational 

Status 

Temp. 

(°K) 

Relative 

Humidity 

(Percent) 

Clean- 

liness 

(Class) 

Acous tics 
(dB) 

Accelera- 

tion 

(g) 

OPERATING 

Internal Equipment 

295 + 5 

55 + 25 

300,000 

60 

0.001 

External Equipment 

NON-OPERATING 

Internal Equipment 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equipment 

283 + 83 


300,000 

145 

9.0 


Development Status. Development of the basic laser instrument for use 
In this experiment will require a 16-man-year effort over a 4-year period. 
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EXPERIMENT EO-6 (XST005) 

Microwave Altimetry 

Objective. The purpose of this experiment is to determine the utility, 
limitations and accuracy of a microwave altimeter for all-weather use in 
measuring relative earth surface height variations; to determine the accuracy 
of measuring scattering cross-section density for different surface features 
and compositions falling within the altimeter target area; and to investigate 
the simultaneous use of the altimeter as a passive radiometer operating at a 
different frequency band or between radar returns. 

Description. This experiment will be used to make altitude measurements 
to the earth's surface as it passes directly beneath the Shuttle. These 
measurements are to be made during successive passes over known ground tracks 
within the continental U. S., over oceans, and other selected target areas as 
appropriate. The altimeter will operate at microwave frequencies, and measure- 
ments will be correlated with meteorological conditions. Electronically 
steerable antenna beam pointing will be investigated to assess its potential 
and accuracy for maintaining ground track with related vehicle stability 
requirements. Passive measurements will be made at different frequencies or 
between active return from the radar using the receiver and antennas as a 
radiometer to measure relative changes in emissivity of areas passing beneath 
the Shuttle. A known ground track segment will be identified as a reference 
target to aid in post-analysis assessment of instrument accuracy. 

The instrument eiqjloys three or four modes of operation — sjmthetic aper- 
ture altimeter (with and without electronic steering) and radiometer measure- 
ments (double frequency and/or between returns). Signal monitoring and 
display are required. Data are to be recorded on magnetic tape. Altitude 
measurements will be used in conjunction with other experiments to perform 
system error analyses. 

A block diagram is shown in Figure C-20, and the equipment configuration 
is illustrated in Figures C-21 and C-22. 
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Mounted on pallet 


I ' 1 



Figure C-20. Block Diagram of Microwave Altimeter Experiment 


* Single point mounting may be desirable if antenna 
inertia can be used to maintain stability for small 
vehicle motion damping. 


Antenna will require folding, sliding, and/or assembly 
using manipulator arms to provide for stowage with 
shuue bay doors closed. Specific design to be determined. 



Figure C-21. Microwave Altimeter Experiment Equipment 
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’Physical Parameters, EO-6 (XSTOOS) 


Equipment 



Size Cft) 

Vol. 



Name 

Qty 

Location 


H 

L 

(ft3) 


ST007 

Oscilloscope 

1 

Internal 

1.6 

0.6 

1.5 

1.44 

32 

ST017 

Spectrum analyzei 

1 

Internal 

0.8 

0.8 

0.8 

0.51 

15 

ST019 

Still camera 

1 

Internal 

0.5 

0.5 

0.5 

0.125 

5 

ST025 

TV camera 

1 

External 

0.25 

0.5 

0.67 

0.08 

5 

ST026 

TV monitor 

1 

Internal 

1.0 

1.0 

1.5 

1.5 

25 

ST123 

Microwave alti- 
meter electronic 

s 1 

Internal 

2.0 

3.0 

2.0 

12.0 

240 

ST124 

Radar 

1 

External 

1.5 

3.0 

1.0 

4.5 

90 

ST125 

Slotted wave- 
guide antenna** 

1 

External 

6.5 

0.5 

82.0 

266.5 

3000 

ST126 

C&D console 

1 

Internal 

2.0 

3.0 

2.5 

15.0 

60 

ST273 

Optical recorder 

1 

Internal 

5.0 

2.0 

2.0 

20.0 

100 

ST274 

Antenna mount* 

2 

External 

4.0 


5.0 

62.9 



*Extends to 10 feet with 0.75 foot telescope column 
**Retracts to 30 feet length, 1.5 feet thick 

Configuration. See Figures C-21 and C-22. 


Pleotriaal/Data Bequirements . EO-6 (XSTOOS) 


Equipment 

Power (watts) 

Data 

Ref. No. 

Name 



Form 

Rate 

ST007 

Oscilloscope 

30 

92 

Display 

_ 


Spectrum analyzer 

50 

50 

A 


ST019 

Still camera 

0 

5 

Film 

- 

ST025 

TV camera 

- 

50 

Display 

- 

ST026 

TV monitor 

- 

100 

- 

- 


Altimeter electronic 

3 

200 

- 

- 

ST124 

Radar 

- 

400 

D 

30 kbps 

ST125 

Waveguide antenna 

- 

- 


- 

ST126 

C/D console 

- 

50 

- 

- 

ST273 

ST274 

Optical recorder 
Antenna mount 

25 

250 

Film 
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Pointing and StcbiVity Requirements. . i\ntenna requirements are as follows. 


1 

Item 

Accuracy 

(deg) 

Duration 

(sec) 

Stability 
^ . (deg) 

Stability Rate 
1 (deg/sec) 

Shuttle pointing requirement . 

0.5 . 

1800 

0.5 

, 0.1 

Final InstrwDent pointing capabi 

0.03 

180 

0.05 

! 0.05 


Field of View. This experiment Involves data-taklng over known ground 
elevation tracks and requires an unobstructed RF field of view. Thermal 
stability of the antenna during data runs Is required and antenna development 
will require special mechanical design of the segmented antenna elements to 
ensure precision alignment to maintain close physical tolerances during data 
runs. Tolerances are to be determined from grotind-based testing. 

Mission Operation. Experiment to be conducted from a 100 to 300 nml 
altitude with ground track over known ground target areas. Experiment is to 
be performed 5 times /day, 25 times /miss Ion. There are approximately 18 
viewing opportunities per day. 


EVA Activity. None 

Crew Functions. Deploy and set up equipment; turn ON, test, and calibrate 
equipment; select operation mode; control and monitor equipment during data- 
taklng; photograph target area; monitor and operate data recording equipment; 
coordinate measurement-taking with ground sites and other experiments ; and 
secure equipment for reentry and return flight. 

Constondb les 

Film: 5 lb, 0.1 ft^ 

Magnetic tape: 10 lb, 0.2 ft 

Cryogenics : None 
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Envi-romiental Requirements. EO-G (XST005) 


Operational Status 

Tempera- 

ture 

(°K) 

Relative 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

OPERATING 






Internal equip. 
External equip. 

295 + 5 

55 + 25 

300,000 

60 

0.001 

NON-OPERATING 






IntemaJ equip. 

295 + 20 

50 + 45 

300,000 

145 ■ 

9.0 

External equip. 

283 + 83 

• 

300,000 

145 

9.0 


Development Status. Basic radar techniques have been developed and 
unique equipment exists that can be modified to investigate the design 
concepts required for this experiment. Analytical studies and ground-based 
testing are required to establish a final design and development schedule. 



Center feed slotted 
waveguide array 


Figure C-22. Mlcrwave Altimeter Antenna 
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EXPERIMENT EO-7 (XST006) 
Search and Rescue Aids 


Objective. The purpose of this experiment Is to determine via in situ 
measurements the utility, limitations, and accuracy of detecting. Identifying 
and positioning earth- located passive targets on vehicles In emergency situa- 
tions using an orbiting side-looking radar system for detection and location 
determination; develop, test, and demonstrate RF passive targets that are 
suitable for Installation on a number of different vehicle types; demonstrate 
the utility of having surface Image data simultaneously provided with position 
data to assist and structure rescue operations with minimum delay; determine 
and demonstrate the capacity of an orbiting radar system to maintain tracking 
data on classes of mobile platforms equipped with passive targets; examine 
the relative system advantages and disadvantages of passive (reflector) and 
active (transponder) targets for use In search operations; and explore passive 
techniques for determining geographical position. 

Description. The Shuttle-based side-looking radar will be used to Image 
on a search and surveillance area as successive flight passes are made over the 
U.S. and ocean areas. Within these target areas, known fixed and moving tar- 
gets will be equipped with an appropriate RF reflector and/or transponder that 
can be Individually manipulated to provide positive Identification. The 
testing will concentrate In three areas: (1) reflector target and transponder 

test and evaluation, (2) position and accuracy determination, and (3) surveil- 
lance of moving targets. 

Early experimental activity will focus on exploring techniques for 
detecting and Identifying specific targets within a field of approximately 
10 meters by 10 meters. Reflectors will be positioned at appropriate ground 
locations to determine signal detection and separation capability under a 
variety of terrain and weather conditions for reflectors of varying sizes, 
configurations and materials. Single- and multiple-reflector techniques will 
be examined by using both rigid and erectable reflector devices having fixed 
and variable reflection characteristics. 

After basic reflector performance measurements, detection techniques will 
be examined to measure ability to use these reflectors to aid establishing 
specific rescue operations. Data and voice communications will be used to 
coordinate testing. Image analysis will be made to establish usefulness of 
prescribing optimum rescue routes, vehicles and survival support action needed 
based on the accompanying terrain visibility. Tests will be performed In 
remote and seml-populated areas under a variety of day-night and meteorological 
conditions. Target position will be determined relative to both orbital posi- 
tion and a ground-established grid network consisting of natural and man-made 
highly visible targets having known reflective characteristics. The grid 
reflector network will serve as a primary measurement tool and post-analysis , 
based on orbital position, will be performed as a check on overall system 
accuracy. This phase of the experiment will be coordinated with landmark 
tracking to provide a ground truth verification for the autonomous navigation 
experiment and to measure geographical position on a global scale. 
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After completion of the fixed-target phase, experiment operation will 
continue with the surveillance of moving targets. Target reflectors will be 
utilized on aircraft, ships and small craft, and terrestrial vehicles, on a 
scheduled basis over selected tracks within view of the Shuttle-mounted 
side-looking radar. 


A simplified block diagram of the side- looking radar system is shown in 
Figure C-23, and the configuration is illustrated in Figure C-24. 

Mounted on pallet 



Figure C-23. Block Diagram of Side-Looking Radar for Search and Rescue Aids 
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Physical Parameters. EO-7 (XST006) 


Equipment 

— 


Size (ft] 

.. 

Vol. 



Name 

Qty 

Location 



L 

(ft3) 

■8W 

ST007 

Oscilloscope 

1 

Internal 

1.6 

0.6 

1.5 

1.44 

29 

3X019 

Still camera 

1 

External 

0.5 

0.5 

0.5 

0.125 

10 

ST025 

TV camera 

1 

External 

0.25 

0.5 

0.67 

0.08 

5 

ST154 

Side-looking 
radar elec- 
tronics *** 

1 

External 

2.0 

3.0 

2.5 

15.0 

600 

ST155 

Antenna*** 

1 

External 

6.5 

0.5 

30.0 

97.5 

1000 

ST156 

Freq. meter 

1 

Internal 

1.0 

1.0 

1.0 

1.0 

30 

ST157 

C/D console 

1 

Internal 

2.0 

3.0 

2.5 

15.0 

60 

ST273 

Optical recorder 

1 

Internal 

5.0 

2.0 

2.0 

20.0 

100 

ST274 

Antenna mount** 

1 

External 

4.0 

- 

5.0 

62.9 

* 

ST286 

Electronics 

1 

Internal 

• 



1.0 

2.0 

3.0 

6.0 

200 


*Included in antenna weight ' 

**Extends to 10 feet with 0.75 foot telescope column 
***Same as XST008, Imaging Radar 


Configuration. See Figure C-24' 

Electrical /Bata Heqicirements . EO-7 (XST006) 


Equipment 

Power (watts) 

Data 

Ref. No. 

Name 



Form 

Rate 

ST007 

Oscilloscope 

30 

92 . 

Display 

- 

ST019 

Still camera 


5 

Film 

- 

ST025 

TV camera 

- 

50 

D 

- 

ST154 

Radar electronics 

- 

900 

- 

- 

ST155 

Antenna 

- 

- 

- 

- 

ST156 

Frequency meter 

- 

10 

- 

- 

ST157 

C/D console 

- 

20 

- 

— 

ST273 

Optical recorder 

25 

250 

D 

- 

ST274 

Antenna mount 

- 

- 

- 

— 

ST286 

Electronics 
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Tcrlnting and Stability Requirements. Antenna requirements are as follows: 


Area 

Accuracy 

(deg) 

Duration 

(sec) 

Stability 

(deg) 

Stability Rate 
(deg/sec) 

Shuttle pointing requirement 

0.5 

1800 

0.5 

0.1 

Final instrument pointing 





capability 

0.001 

180 

0.001 

0.001 


Field of Vieu. Antenna pointing requires depression angles of from 45 to 
60 degrees for side— looking view at target area- This can be achieved by roll 
maneuver of Shuttle or by antenna steering. Use of Shuttle roll maneuver will 
simplify hardware design, but constrain simultaneous operation of other exper- 
iments. Further analysis will be conducted to resolve issue. 


Mission Operation. Experiment is to be operated over known target areas 
at an altitude of 100 to 300 nmi and at inclination of 30 to 90 degrees. 
Experiment is to be performed simultaneously with XST008, Imaging Radar 
Experiment. There are to be 5 observations /day, 25 per mission. 


EVA Activity. None 

Crew Functions. Set up and turn on equipment; coordinate with ground 
targets, communication center, and other on-board experiments; survey image 
data to extract target location measurements; operate and secure data storage; 
and secure equipment for return flight. 

Consumables 

Film: 5 lb, 0.1 ft^ 

Magnetic tape: 10 lb, 0.2 ft"^ 

Cryogenics : None 
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Environmental Requirements. E0'~7 CXETQ06) 


Operational Status 

Tempera- 

ture 

(°K) 

Relative 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

OPERATING 
Internal Equip. 

295 + 5 

55 + 25 

300,000 

60 

0.001 

External Equip. 
NON-OPERATING 
Internal Equip. 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equip. 

283 + 83 

• 

300,000 

145 

9.0 


Development Status. iRadar hardware exists and has been flown on aircraft. 
This equipment can be vised for early ground-based measurements. Analytical 
work is needed to define system parameters, to design an orbital system, to 
select target areas, and to design and develop RP reflectors for the specific 
experiment . 

EXPERIMENT EO-8 (XST008) 

Imaging Radar 

Objective. The purpose of this experiment is to determine the utility, 
accuracy and limitations of an Imaging radar in low-earth orbit. 

Description. This experiment utilizes an imaging radar which employs a 
side-looking synthetic aperture technique. The experiment also uses the 
imaging radar to record radar return data on photographic film from which 
post-flight processing can provide accurate earth surface maps for use in 
analytical evaluations of basic radar technology. 

The imaging radar and antenna mount configurations are shown in Figures 
C-25 and C-26, respectively. A block diagram of the imaging radar experiment 
is illustrated in Figure C-27. 
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Figure C-25. Imaging Radar Configuration 
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Mounted on pallet 



Figure C-27. Block Diagram of Imaging Radar Experiment 
Physical Pai^canetei'S . EO-8 (XST008) 


Equipment 



Size Cft) 

Vol. 



Name 

Qty 

Location 

1 ■ ■ 1 




(ft^) 

mSil 

ST017 

Spectrum analyze: 

• 1 

Internal 

1.58 

0.58 

1.5 

1.4 

30 

ST025 

ST154 

TV camera 
Radar elec- 

1 

External 

0.25 

0.5 

0.67 

0.08 

5 


tronics* 

1 

External 

2.0 

3.0 

2.5 

15.0 

600 

ST155 

Antenna* 

1 

External 

6.5 

0.5 

30.0 

97.5 

1000 

SX157 

C/D console 

1 

Internal 

2.0 

3.0 

2.5 

15.0 

60 

ST273 

ST287 

Optical' recorder 
Electronics 

1 

Internal 

Internal 

5.0 

2.0 

2.0 

20.0 

100 


*Same as XST006, Search and Rescue Aids. 


Configuration. Refer to Figures C-25 and C-26 
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Eteatri cat /Data Requirements. EO-8 (XST008) 


Equipment 

Power (watts) 

Data 

Ref. No. 

Name 



Form 

Rate 

ST017 

Spectrum analyzer 

50 

50 ■ 

A 

- 

ST025 

TV camera 

- 

50 

D 

“ 

ST154 

Radar electronics 

- 

900 



ST155 

Antenna 

- 

- 



ST157 

C/D console 

- 

20 



ST273 

Optical recorder 

. 25 

250 

D 


ST287 

Electronics 






Data runs are to be made In an earth-looking orientation at approximately 
a 60-degree depression angle. Geographical reference and meteorological data 
to be taken for correlation with basic radar images. 


Pointing and Stability Requirements. Antenna requirements are as follows: 


Area 


IRIBHIii 



Shuttle pointing requirement 
Final ins trviment-poin ting 

0.5 

1800 

0.5 

0.1 

capability 

0.001 

180 

0.001 

0.001 


Field of View. Antenna pointing requires a depression angle of from 45 
to 60 degrees for a side— looking v?ew of the earth surface. A roll maneuver 
of the Shuttle to achieve pointing will simplify hardware design, but will 
impact simultaneous operation of other experiments. Further analysis to be 
performed. 

Mission Operation. Experiment is to be operated from an altitude of 
100 to 300 nml and an inclination of 30 to 90 degrees. This experiment is 
to be performed simultaneously with XST006, Search and Rescue Aids Experiment. 


C-58 


SD 74-SA-0156 













space Division 
Rockwell International 


EVA Activity. None 

Crew Function. Set up and turn on equipment, monitor equipment opera- 
tion, operate and secure data storage, and secure equipment for return flight. 

Ccnavanciblee 

Film: 10 lb, 0.2 ft^ 

Magnetic tape: 20 lb, 0.4 ft^ 

Cryogenics : None 


Environmental Requirements. EO-8 (XST008) 


Operational Status 

Tempera- 

ture 

(°K) 

Relative 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

OPERATING 






Internal Equip. 
External Equip. 

295 + 5 

55 + 25 

300,000 

60 

0.001 

NOS-OPERATING 






Internal Equip. 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equip. 

283 + 83 


300,000 

145 

9.0 


Development Status. Basic radar techniques have been developed and 
aircraft flight experiments using side-looking radars have been successfully 
completed. Further design analysis Is required to define hardware specifica- 
tions and establish a development schedule. 
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EXPERIMENT EO-9 (XST009) 

RF Noise 

Objective. The purpose of this experiment is to measure the electro- 
magnetic interference at orbital altitudes and in the frequency spectrom of 
0.4 to 15 GHz. 

DesoTiption. The determination of the amount and type of noise, the 
frequency of transmission, the effective radiated power, and the geographical 
location of noise-generating systems will allow the allocation and utilization 
of frequencies to be optimized. 

This experiment employs a wide-range spectrum analyzer to measure the 
interference levels at orbital altitudes. The receiving system is capable of 
receiving a fixed frequency, electronically scanning the complete frequency 
spectrum of 0.4 to 15 GHz, or scanning any particular segment within the range 
of the receiver. 

A computer program will be used to manipulate the data received from the 
spacecraft, tabulate the results, determine the power flux density upon a 
given orbit sphere, and locate the terrestrial emitters responsible for this 
power flux density. 

Initial observations will be limited to the highly populated areas of 
North America, South America, and Europe. Follow-on flights at different 
orbit altitudes will be necessary to complete earth coverage and to determine 
the ability to extrapolate noise measurements from one orbit sphere to another. 

Physical Parameters. EO-9 (XST009) 


Equipment 



Size (ft) 

Vol. 

Weight 

IMHRIHli 

Name 

Qty 

Location 

HiH 

ft 

L 

(ft3) 

(lb) 

ST008 

Data Recorder 

1 

Internal 

1.6 

.9 

l‘.6 

2.3 

100 

ST025 

TV Camera 

• 1 

Internal 

.25 

.5 

.67 

.08 

5 

ST026 

TV Monitor 

1 

Internal 

1 

1 

1.5 

1.5 

25 

ST127 

RF Receiver & 
Control Unit 

1 

Internal 

1.6 

.5 

1.25 

1 

15 


Antenna 

4 

External 

10 

- 

4 

314 

35 


Power Supply 

1 

Internal 

1.6 

1 

1 

1.6 

100 


Antenna Mount* 

1 

External 

7 


5 

192 



*Extends to 13 feet on .75 foot diameter column. 


Configuration. Not available. 
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Electriaal/Data BequiTements, E0^9 (^T009) 


1 Equipment 

Power (watts) 

Data 1 

1 Ref. Mo. 

Name 

BBfflHI 

mm 

Form 

Sate 


Data Recorder 

25 

250 

D 


ST025 

TV Camera 

0 

50 

- 

- 


TV Monitor 

- 

100 

Display 

- 

ST127 

Receiver/Control 

Unit 


75. 


•• 


Antenna ■ 

- 

- 

- 

- 

ElllH 

Power Supply 

- 

20 

- 

- 


Antenna Mount 

■ 

■ 


■ 


Pointing and Stcbility Requiremente, The antenna requirements relative 
to Shuttle pointing, mount pointing at the inner glmbal, and the final InstTu- 
ment pointing capability are as follws: 

Accuracy Duration Stability Stability Rate 
(deg) (sec) (deg) (deg/sec) 

0.5 * 0.5 0.1 

*Contlnuous scan up to 6 to 8 hours per d^. 


Held of Hew, The Instantaneous and total field of view for both the 
antennas and the TV camera are 1.0 degree. The system requires the capability 
of being able to boreslght and monitor antenna from interior of experiment 
module. 

Mission Operation. Experiment to be conducted from a 100 to 300 nad. 
altitude at an orbit inclination of 60 to 90 degrees. 


Activity. None 
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Cl^W Functions. Monitor experiment on panoramic display, perform real- 
time analysis and make decisions for setting receiver parameters, and bore- 
sight the high-galn antenna on terrestrial emitters. 

Consumed) les 

Magnetic tape: 5 lb, 0.1 ft^ 

Film: None 

Cryogenics : None 

Envivonmental Requirements. EO-9 (XST009) 


Operational Status 

Tempera- 

ture 

(°K) 

Re latlve 
Humidi ty 
(%) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(8) 

Operating 
Internal Equip 

295 + 5 

55 + 25 

300,000 

60 

.001 

External Equip 






Non-Operating 
Internal Equip 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equip 

283 + 83 


300,000 

145 

9.0 


Development Status. Development is proceeding on an experiment for 
measuring EMI at orbital altitudes and the necessary receiving system to 
measure this noise. A receiving system that may be applicable is being 
developed for NASA under an AAFE contract (NASl-11465) by National Scientific 
Laboratories, Inc. 
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PHYSICS AMD CBEHISTKY 


Six experlMinCs have been Identified In the Physics and Chemistry area. 
Ihrea Involve in situ measurements of the environment near the spacecraft, 
two utilise the Shuttle as a platform for remote measurements, and one makes 
use of the saro-gravlty environment of the spacecraft to perform laboratory- 
type experimentation. 

EXPERIMEHT PH-1 (XST014) 

Spacecraft Wake Dynamics 

Cbjeativa. Ihe purpose of this experiment is to determine the parameters 
governing the flow around ionospheric satellites. Of particular interest is 
the spatial extant and properties of the wake region of the spacecraft. 

DeeairCption. Ihe wake of a large body is created primarily by the body 
sweeping out ions from the aoiblent plasma and thereby causing large disturb- 
ances in the local ion and electron densities. In the interpretations of the 
measurements of geophysical properties made with satellite-bome Instrumenta- 
tl<m, it is Important to determine the effects of these satellite-caused 
perturbations. 

A block diagram of the spacecraft wake dynamics experiment designed to 
investigate these effects is shewn in Figure C-28. The parameters to be 
measured include the Icxi and electron density and ten^erature. Determination 
of the neutral gas con^osltlon and density will also be determined. These 
measurements are to be correlated with the vehicle potential, ambient magnetic 
field, nd solar ultraviolet flux. 

Sensors to be used for these measurements Include a retarding potential 
analyser for density and potential measurements , a mass spectrometer for ion 
analysis and neutral gas coaq>osltlon, a flux-gate magnetometer for magnitude 
and direction of magnetic fields, and electrostatic probes for fluctuating 
electric field measureoients . 
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diagnostics 
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equipment 



Figure C-28 . Block Diagram of Spacecraft Wake Dynamics Experiment 


Physical ParameteTs, PH~2 (XST014) 


Equipment 



Size (ft) 

Vol. 



Name 

Qty 

Location 


H 

... .L... 

(ft3) 



Tape Recorder 

1 

Internal 

1.6 

.9 

1.6 

2.3 


ST035 

Data Processor 

• 1 

Internal 

1 

1 

1 

1 

10 

ST037 

Potential Analy 

4 

External 

.5 

— 

1 

.19( 

> 4 

ST038 

Maas Spectro- 
meter 

2 

External 

.5 

- 

1 

.191 

10 

ST039 

Magnetometer 

2 

External 

1 


1 

.78; 

20 

ST040 

Electrostatic 

Probes 

4 

External 

1.25 

- 

- 

1.02 

4 

ST041 

C/D Console 

1 

Internal 

4 

6 

2 

48 

200 

ST042 

Boom 

2 

External 

1 

— 

4.1* 

3.2 

22 

ST043 

Tether 


External 



750 

.01 

9 


*Deploys to 75 feet 


Configuration. Not available. 
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Electrical/Data Eequi-remente^ PH^l CXST014) 


1 Equipment 

Power (watts) 

Data 1 

1 Ref. No. 

Nsm 

Standby 

Operate 

Form 

Rate 


Tape Recorder 

25 

250 

D 


ST035 1 

Data Processor 

10 

10 

D 

- 


Potential Analyzer 


90 

A 

1 MHz 

ST038 

Mass Spectrometer 


110 

D 

10 KBPS 

ST039 

Magnetometer 

3 

5 

D 

900 BPS 

ST040 

Electrostatic 

Probes 

1.6 

1.6 

D 

150 BPS 

ST041 

C/D Console 

200 

200 

Displays 

- 

ST042 

Boon 

- 

- 

- 

- 

ST043 

Tether 






Pointing and Stability, None 
Field of Vien, None 

Mission Operations. Data collection can be Intezmlttent, but each 
collection period should extend over several hours and cover both day and 
night portions of the orbit. 


EVA Activity. None 

Creu) Function. Control booms and tethered probes, perform experiment, 
and maintain equipment. 

Consumables 

Magnetic tape: 10 lb, 0.2 ft^ 

Film: None 

Cryogenics : None 
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Envirormental Requirements. PE-1 (XST014) 


Operational Status 

Tempera- 

ture 

(OK) 

Relative 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

Operating 
Internal Equip 

295 + 5 

55 + 25 

300,000 

60 

.001 

External Equip 






Non-Operating 
Internal Equip 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equip 

283 + 83 


300,000 

145 

9.0 


Development Status. Instrument requirements are state of the art. 
Control of the tethered probes will require development. 


C-66 


SD 74-SA-0156 













Space Division 

Rockwell International 


EXPERIMENT PH-2 (XST015) 

Barium Cloud Release on Sunward Side of Earth 


Objeat-ive. The purpose of this experiment is to monitor the natural 
magnet ospherlc plasma convection patterns on the sunward side of the earth. 

Desoript-ion. A knowledge of the natural magnetospherlc plasma convection 
patterns on the sunward side of the earth is necessary for any detailed under- 
standing of the interaction of the solar wind with the geomagnetic cavity, 
the mechanism of natural Injection of particles into the magnetosphere, the 
interaction of the outer magnetosphere with the ionosphere, and the nature of 
magnetic storms and auroral processes. The barium ion cloud technique has 
been proven capable of measuring these electric fields in the magnetosphere. 

It is constrained, however, by the need for darkness at the observation sites 
along with clear weather simultaneously at several sites. With observations 
from the Shuttle, whose position with time is known very accurately, it is 
possible to triangulate the cloud motion through successive photographs from 
different locations. 

A block diagram of the barium cloud release experiment is shown in 
Figure C-29. The experiment utilizes a relatively small rocket to boost a 
barium shaped charge to a height of a few hundred kilometers. The charge is 
then fired upward along a magnetic field line such that the barium cloud rises 
upward to a height of several earth radii in the magnetosphere. A photographic 
camera with an image Intensifier and a photometer are used to observe the 
barium plasma cloud. Measurements consist of photographs and photometer 
readings. Close coordination with the rocket launch is required. The clouds 
will be released in such areas as in the vicinity of the magnetopause neutral 
points and points above and below the plasma-pause boundary. 



C-29. Block Diagram of Barium Cloud Release Experiment 
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Physical Parameters. PH-2 (XSTOIS) 


Equipment 

Qty 

— 

Location 

Size (ft) 

IQI 

IQq 

H 

mil 

Name 


H 

L 

ST008 

Tape Recorder 

1 

Internal 

1.6 

.9 

1,6 

2.3 

100 

ST025 

T V Camera 

1 

External 

.25 

.5 

.67 

.08 

5 

ST150 

Camera and In- 

2 

External 

.86 

2 

3.84 

6.6 

305 


tenslfler 








ST151 

Photometer 

D 

External 

1 

2 

1 

2 

50 

ST152 

Pointing Tele- 

II 

Internal 

.2 

— 

1 

.031 

5 


scope 

■ 







ST153 

C/D Console 

B 

Internal 

1.58 

2.25 

2 

7.1 

200 

ST278 

Framing Camera 

n 

External 

.86 

2 

1.9 

3.27 

65 

ST279 

Lens Cover Motor 

B 

External 





2 

ST280 

Mounting Plate 

B 

External 

4 

• 

o 

00 

4.33 

1.39 

124 

ST281 

Slide & Actuator 

2 

External 





75 

ST282 

Window 

1 

External 





160 


Configuration. See Figures C-30 and C-31* 
Electrical/ Data Requirements. PH-2 (XSTOIS) 


1 Equipment 

Power (watts) 

Data 

Ref. No. 

Name 

n^^Bi 


Form 

Rate 


Tape Recorder ... 

25 

250 

D 

— 


TV Camera 

— 

50 

— 

— 

ST150 

Camera & Intenslfiei 

— 

2500 

— 

— 

ST151 

Photometer 

25 

25 

D 

2.5 KBPS 

ST152 

Pointing Telescope 

— 

— 

— 

— 

ST153 

C/D Console 

— 

30 

— 

— 

ST278 

Framing Camera 

— 

— 

— 

— 

ST279 

Lens Cover Motor 

— 

200 

— 

— 

ST280 

Mounting Plate 

— • 

— 

— 

— 

ST281 

Slide & Actuator 

— 

— 

— 

— 

ST282 

Window 
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Pointing and Stcbility. The requirements for both the pointing telescope 
(ST152) and the camera/ image intensifier are as follows: 


PARAMETER 

ACCURACY 

(Deg) 


STABILITY 

(Deg) 

STABILITY RATE 
(Deg/ Sec) 

Shuttle Pointing Requirement 

.5 

2500 

.5 

.1 

Mount Pointing Requirement* 

.1 

2400 

.1 

.02 

Final Instru. Pointing 
Capability 

.1 

2400 

.1 

.02 


*Accuracy required at inner glmbal. 

Field of ViebS. The experiment requires close coordination with the 
laimch of the rocket from the ground. The barium cloud will have to be 
acquired and tracked from the spacecraft. This involves changing the atti- 
tude of the spacecraft to keep the cloud within view for a tracking angle of 
up to 170 degrees. The fleld-of-vlew requirements are as follows; 


1 EQUIPMENT 

FIELD OF VIEW 1 

Ref. No. 

Name 

Instantaneous 

Total 

ST150 

Camera & Intensifier 

5 

170 

ST152 

Pointing Telescope 

1 

170 


Mission Operation. The observations are required for as long as the 
orbit will permit so that the line of sight will rotate throu^ 170 degrees. 

Under certain conditions, the cloud might remain visible for a long duration 
to permit reacquisition on a second pass. The barium cloud experiment is to 
be operated twice throughout the mission. 
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EVA Activity. None 

Cvew Functions. Set up equipment, initiate experiment, coordinate 
operation with ground and rocket launch facility, maintain equipment, locate 
barium cloud and maintain cloud within instrument field of view, monitor 
operation and data recording, and secure equipment at end of experiment 
operation. 

Conswndb les 

Film: 10 lb, 0.2 ft3 

Magnetic tape: TBD 

Cryogenics : None 

Envirormentat Requirements. PH-2 (XSTOIS) 


Operational Status 

Tempera- 

ture 

(°K) 

Relative 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

OPERATING 






Internal Equip. 

295 + 5 

55 + 25 

300,000 

60 

.001 

External Equip. 






NON-OPERATING 





- 

Internal Equip. 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equip. 

283 + 83 


300,000 

145 

9.0 


Devetopment Status. 
activities would require 


Equipment procurement and data reduction planning 
approximately 2 years at 6 man-years /year. 
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Optical Properties of AbtosoIs 


Space Division 
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Objetctvve. The purpose of expezlnent Is to obtain a detailed 

knowledge of the interrelationship between the size, shape, concentration and 
conq>ositlon of aersols and their optical properties under various meteorolog;!— 
cal conditions. 

DesoripHon. The interaction of atnospheirlc particles with solar and 
terrestrial radlatlm plays an inq>ortant role in the detemlnatlon of the 
earth heat budget. Changes in the atmospherical particulate matter content 
may change the global albedo, which ultimately leads to a change in the mean 
tenq>eratuxe and climate. 

^Is experiment consists of a zero-gravity envlrcmmental chaaber to prc>- 
vlde a means of malcing microscopic observations of Individual particles in 
controlled meteorological conditions without movement from convectlcm and 
without the need for a solid support for the Individual partlcJ.es. 

The optlcral properties of typical partlcJes suspended In the zero-gravity 
environmental chamber are to be measured and the particles observed micro— 
scoplcrally as the pressure, temperature and dewpoint are changed. Observa- 
tions will be recorded In the form of Individual photographs alcng with high 
speed and time— l^se photography as seen through the microscope. A bloch 
diagram of the experiment apparatus Is presented in Figure C-32. The esqierl— 
ment equipment Is shown in Figure C-33. 
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Eleatriodl/Data Bequirements. PH-3 (XST016) 


1 Equlpaent 

Power (watts) 

Data j 

Ref. No. 

Name 

Standby 

Operate 

Fora 

Rate 


Tape Recorder 

25 

250 . 

D 



Still Caaera 

0 

5 

Film 

< — 

$T045 

Gas Source 

0 

0 


— 

i 

Aerosol Generator 

0 

20 

. — 

— 


Ion Generator 

0 

20 


— 


Water Vapor Source 

0 

0 

— 

— 


Light Source 

0 

50 

— 

— 


Environ. Chamber 

10 

50 

— 

— 


Microscope 

0 

10 

Visual 

- — 

ST052 

Instrunen. Sensors 

5 

45 

D 

9 KBPS 

ST053 

C/D Panel 

— 

20 

Displays 

— 

ST054 

Cine Camera 

0 

100 

Film 

lOOOFraaes 


Envirorvnentat Requirements. PH-3 (XST016) 


Operational Status 

Tenpera- 

ture 

(OK) 

Relative 

Humidity 

(« 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

0PE5JATING 




. 


Internal Equipment 

295 + 5 

55 + 25 

300,000 

60 

.001 

External Equipment 






NON-OPERATING 





* 

Internal Equipment 

295 + 20 

50 + 45 

300.000 

145 

9.0 

External Equipment 

283 + 83 


300,000 

145 

9.0 
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EVA Activity. None 

Crew Funotigns. This experiment requires a high degree of on-board 
experimenter participation. The experimenter will initiate experiments 
utilizing the environmental chamber, make appropriate observations, and 
modify subsequent experimental procedures accordingly. 

Consvmabtes 

Various gases: 44 lb, 1.0 ft^ 

Water vapor source: 22 lb, 5 ft^ 

Film: 11 lb, 0.1 ft3 

Magnetic tape: TBD 

Various gases must be stored with pressures regulated from 0 to 15 pslg, and 
with temperatures regulated from 223 to 293 K. 

Devetopment Status. Experiment hardware definition activity will 
follow completion of Zero-Gravity Cloud Physics Chamber Feasibility study 
being conducted by MSFC. 
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EXPERIMENT PH-4 (XST017) 

Mapping of Upper Atmospheric Neutral Gas Parameters 

Objective. The purpose of this experiment is to measure, on a global 
scale, the neutral number density of each constituent of the upper atmosphere 
and the temperature of the upper atmosphere as a function of latitude, 
longitude, height, and time using molecular-beam techniques. 

These data, combined with Independently determined time and space 
correlated density data, will provide the Information necessary to completely 
define the structure of the upper atmosphere, to provide a basis for deter- 
mining the day-to-night changes; to enable determination of diurnal, seasonal, 
and solar variations in the atmosphere; and to construct a d3mamic model of 
the atmosphere. 

Description. This experiment consists of a set of molecular beam mass 
spectrometers mounted on a boom and deployed into the undisturbed free 
stream through which the spacecraft is traveling to measure the neutral number 
density and temperature. The mass spectrometer system consists of a free- 
stream ion source, a quadrupole mass filter, an ion-counting collector system 
and associated electronics. Except for the electronics, the entire system 
must be vacuum-sealed during launch to protect the vacuum integrity of the 
Instrument. After obtaining orbit, the Instrument is opened and deployed 
into the free stream to avoid measuring surface-scattered gas. Illustrations 
of the instrumentation are presented in Figures C-34 and C-35. 

An accurate determination of the number density of each gas is then 
obtained as a function of time and space as determined before flight. The 
data are to be recorded on a tape recorder for permanent record and displayed 
real-time on an oscilloscope. The data will be reduced by the on-board 
computer to permit changes in the flight plan for the purpose of examining 
unexpected or interesting scientific effects. 

The gas temperature measurement technique consists of forming a molecular 
beam from the undisturbed free stream, and measuring the angular distribution 
of the beam flux density. The angular distribution of the beam flux is uniquely 
related to the temperature of the gas from which the beam is formed and is thus 
a direct measurement of the free-stream gas temperature. The measurement 
equipment consists of the apparatus which forms the main molecular beam and 
subsequently divides it into a set of sub-beams; ion sources for each of the 
sub-beams; mass filters and ion detectors for each sub-beam; and pulse-shaping, 
discriminating, and counting circuits for each detector. This system also, 
except for the electronics, must be sealed and evacuated during launch. The 
beam-forming apparatus must also be deployed into the undisturbed free stream. 

Flight plan orbit parameters will be selected to yield maximum global 
data. Provisions for temporary modifications of the flight plan, based upon 
flight data, will be incorporated into the experimental procedure. 
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Pkys-iadl Pccpcomtere. PH^4 (XST017) 


Equipment 

Qty 

Location 

Size (Ft) 

■sm 

Wt 


Maine 



W/Dla 

H 

B 

EB 

(lb) 

ST007 

Oscilloscope 

1 

Internal 

1.6 

.6 

1.5 

1.44 

29 

ST008 

Data Recorder 

n 

Internal 

1.6 

.9 

1.6 

2.3 

100 

ST024 

Computer 

■ 

Internal 

1.6 

1 

2 

3.2 

111 

ST03S 

Data Processing Equip 

■ 

Internal 

1 

1 

1 

1 

10 

ST042 

Boom 

n 

External 

1 

- 

1.25 

1 

50 

STOSS 

Molecular Beam Mass Spec 

s 

Extexmal 

.2 

- 

.8 

.024 

.5 

ST0S6 

Tape Recorder 

1 

Internal 

l.S 

1 

2.5 

3.75 

130 

ST0S7 

C/D Console 

1 

Internal 

1 ■ 

1 

2 

2 

50 

ST058 

Ion Source 

1 

External 

.1 

.1 

.1 

.001 

.1 

ST0S9 

Ion Counting Collector Sys* 

1 

External 

.S 

.S 

.5 

.125 

10 

ST060 

Molecular Beam Subdivider 

1 

External 

3 

- 

4 

28 

177 

ST061 

Mass Fllter/Ion Detector* 

1 

External 

- 

- 

- 

- 

- 

ST062 

Electronics Support 

1 

External 

1 

.s 

.5 

CM 

• 

10 

ST267 

Instrument Canister 

1 

External 

3.3 

- 

6 

50.5 

88 


*Part of STOSS 

Configuration. See Figures C-34 and C-35 
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Electrioal/Data Requirements. PH-4 (XST017) 


Equipment 

Power (W) 

Data 

Ref No 

Name 



Form 

Rate 

ST007 

Oscilloscope 

30 

92 

CRT 

- 

ST008 

Data Recorder 

25 

250 

D 

- 

ST024 

Computer 

100 

800 

D 

- 

ST035 

Data Processing Equip 

10 

10 

D 

- 

ST042 

Boom 

0 

135 

- 

- 

ST055 

Molecular Beam Mass Spec 

10 

100 

D 

500 BPS 

ST056 

Tape Recorder 

90 

600 

A 

- 

ST057 

C/D Console 

- 

120 

- 

- 

ST058 

Ion Source 

10 

20 

D 

100 BPS 

ST059 

Ion Counting Collector Sys 

- 

10 

D 

500 BPS 

ST060 

Molecular Beam Subdivider 

- 

- 

- 

- 

ST061 

Mass Filter/Ion Dectector 

- 

- 

- 

- 

ST062 

Electronics Support 

- 

10 

- 

- 

ST267 

Instrument Canister 

- 

-■ 

- 

- 


Pointing and Stability. +2.0® pointing; 0.5 degree/sec stab, rate 
Field of View. None 

Mission Operation. A series of circular orbits with the orbit radius 
adjusted over the entire range is preferred. An elliptical orbit with peri- 
gee near insertion altitude and apogee as high as practical would be 
acceptable. A combination of orbits would also be acceptable. A large 
amount of meaningful data could be obtained even if the elliptical orbit 
could only be acquired for two or three passes. Any low earth orbit 
provides meaningful data. 
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EVA Activity. None 

Cvew Functions. Set up experiment, deploy and control booms, monitor 
experiment data, and implement changes in the vehicle space coordinates to 
investigate atmospheric variations of interest on a near- real- time basis. 
Experiment should be monitored every other revolution during instrument 
operation. 

Consianab lee 

Magnetic tape: 20 lb, 0.4 ft^ 

Film: Ntxie 

Cryogenics : None 


Environmental Requirements. PH-4 (XST017) 


Operational Status 

Temp 

(OK) 

Rel Hum 
(%) 

Cleanliness 

(Class) 

Acoustics 

(dB) 

Accel. 

(g) 

OPERATING 
Internal equipment 

External equipment 

295 + 5 

55 + 25 

300,000 

60 

0.001 

NON-OPERATING 
Internal equipment 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External equipment 

283 + 83 

■ 


300,000 

145 . 

9.0 


Development Status. Estimated to be approximately 4 years through design 
and fabrication of flight hardware. 
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EXPERIMENT PH-5 (XST018) 

Spacecraft Radiation Environment 

Objective. The purpose of this experiment is to characterize the 
internal radiation environment of the Spacelab in terms of radiation type, 
energy, intensity, and direction. This information will provide an accurate 
description of the radiation dose received by the crew. 

Descxviption. For long-duration earth-orbit missions, the crew is contin- 
uously exposed to the secondary radiation from the relatively low intensities 
of cosmic rays, trapped electrons, and trapped protons impinging on the space- 
craft. The intensities of electrons and protons Increase rapidly on passage 
through the South Atlantic anomaly. 

At present, relatively little is known of the effects on humans of pro- 
tracted exposure to radiation. Without an accurate description of the internal 
radiation environment, there is no way to assess the actual biological damage 
to the crew members for long-term low-level radiation exposures. 

The experiment will make detailed continuous measurement of the radiation 
types, energy, intensity, and direction. Information from this experiment will 
provide a more accurate radiation exposure record for each astronaut and 
thereby improve the quality of post-flight medical examinations. It will also 
permit assignment of an accurate radiation dose for each critical organ of the 
body such as bone marrow, eye lens, and stomach. Furthermore, this experiment 
will provide data on the effective shielding afforded by the spacecraft. A 
block diagram of the experiment is shown in Figure C-36. 

This experiment will measure the energy, particle tjrpe, and intensity of 
charged particles penetrating the vehicle pre-sure shell. The energy range 
to be covered for protons is from 5 to 230 MeV, deutrons from 10 to 300 MeV, 
tritons from 15 to 230 MeV, helium -3 from 20 to 400 MeV, and alpha particles 
from 25 to 450 MeV. Electromagnetic radiation will be measured from 100 keV 
to 6 MeV. Neutron radiation will be measured from 0.5 to 15 MeV. 

The charged-particle detector will use approximately 30 multiwire pro- 
portional counter planes separated by layers of varying thickness of tissue- 
equivalent plastic. This detector will measure rate of energy loss, direction, 
and range of charged particle. Analog signals from the detector are processed 
in real time by the on-board computer to give particle type, energy and bio- 
logical radiation dose. A second identical charged-particle detector will be 
installed on the pallet to measure the charged-particle energy and flux. Data 
will be stored for post-flight analysis. 

Electromagnetic radiation is to be measured with a cryogenically cooled 
lithium- drifted germanium detector which uses a charged-particle anticoincidence 
shield. Analog signals from this detector will also be processed in real time 
to determine the biological radiation dose from the electromagnetic radiation. 
Raw data will also be stored for post-flight analysis. 
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Figure C-36. Block Diagram of Spacecraft Radiation Environment Experiment 


Neutron measurements will be performed with a liquid scintillator sur- 
rounded by a charged-particle anticoincidence shield. Pulse-shape discrim- 
ination is used to separate neutron events from those caxised by electromagnetic 
radiation. Data analysis will be performed post-flight. 

Several passive detectors such as film badges, thermoluminescent dosimeters 
and ion chambers will be used to compare with the results from the active 
sensors. 
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Physical Parameters. PH-5 (XST018) 


Equipment 


mm 

Size 

(Ft) 


Vol 1 

Wt 

Ref No 

Name 

Qty 


W/Dla 

H 

Dl 

isai 

(lb) 

ST008 

Tape Recorder 

1 

Internal 

1.6 

.9 

1.6 

2.3 

100 

ST024 

Digital Computer 

1 

Internal 

1.6 

1 

2 

3.2 

111 

ST063 

Gamma Ray Spec 

1 

Internal 

.9 

.9 

1.6 

1.3 

22 

ST064 

Charged Particle Spec 

2 

* 

1 

2 

2 

4 

80 

STo65 

Neutron Spectrometer 

1 

Internal 

.5 

.5 

3 

.75 

20 

ST066 

Logic System 

1 

Internal 

.3 

.3 

.15 

.014 

1 

ST067 

A/D Converter 

1 

Internal 

1.6 

.25 

1 

4 

20 

ST068 

Supervisor System 

1 

Internal 

.5 

.5 

1 

.25 

5 

ST069 

C/D Console 

1 

Internal 

1.3 

2 

1.3 

3.38 

50 

ST070 

Film Badge 

12 

Internal 

.16 

.15 

.016 

.0004 

.11 

ST071 

Thermoluminescent 

Dosimeter 

4 

Internal 

.5 

.4 

.2 

.04 

1 

ST072 

Ion Chamber 

4 

External 

.5 

.5 

3 

.75 

30 

ST271 

Cryogenic Coolant 

1 








*0a& Internal and one external 
Configuration. Not available. 
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EleotriadL/Data Requirements. PE^S CXRT018) 


Equipment 

Power (W) , 

Data 1 

Ref No 

Name 

Stby 

Operate 

Form 

Rate 

ST008 

Tape Recorder 

25 

250 

D 

- 

ST024 

Digital Computer 

100 

800 

D 

- 

ST063 

Gamma Ray Spec 

10 

10 

D 

1 KBPS 

ST064 

Charged Particle Spec 

10 

50 

D 

1 KBPS 

ST065 

Neutron Spectrometer 

10 

50 

D 

1 KBPS 

ST066 

Logic System 

- 

10 

- 

- 

ST067 

A/D Converter 

25 

25 

- 

- 

ST068 

Supervisor System 

- 

5 

- 

- 

ST069 

C/D Console 

0 

120 

Dis] 

slay- _ 

ST070 

Film Badge 

0 

0 

- 

- 

ST071 

Dosimeter 

5 

5 

D 

10 BPS 

ST072 

ST271 

Ion Chamber 
Cryogenic Coolant 

0 

30 

D 

100 BPS 


Pointing and Stability Requirements, None 
Field of View. None 

Mission Operation. Experiment to be conducted once per day, 5 times 
per mission. 
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Cvew Fimations. This esqperiment is designed to operate independently of 
the spacecraft crew. The experiment operates continuously. A periodic check 
by the crew is required to determine the pressure and flow rates in the 
charged-particle detector and to monitor the nitrogen supply for the electro- 
magnetic detector. The crew is also required to maintain equipment, obtain 
data and secure equipment for return flight. 

Comwndblea 

Magnetic tape: 10 lb, 0.2 ft^ 

Gas for detector: 10 lb, 0.2 ft^ 

Liquid nitrogen: 30 lb, 0.4 ft3 

Film: None 

The gas is required for the charged-particle detector and the liquid nitrogen 
for the germanium detector. 


Envivormental Requirements. PH-5 (XSTOIB) 


Operational Status 



Cleanliness 

(Class) 

Acoustics 

(dB) 

Accel 

(g) 

OPERATING 

Internal equipment 

295 + 5 

55 + 25 

300,000 

60 

0.001 

External equipment 

NON-OPERATING 

Internal equipment 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External equipment 

283 + 83 


300,000 

145 

9.0 


Development Status, Development will require approximately 2 man-years 
per year for 6 years. 
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EXPERIMENT PH-6 (XST019) 

Ultraviolet Meteor Spectroscopy from Near-Earth Orbit 

Objective. Ihe purpose of this experiment Is to obtain high-quality 
meteor spectrographs In the wavelength region below the 3100-anstrom cutoff 
of the atmospheric zone. 

Description. The study of meteoroids is important because of their 
potential hazard to spacecraft and the information they can provide on the 
evolution of the solar system. Current ground-based quantitative spectro- 
scopy of meteor radiation provides data for determining elemental abundances 
In meteoroids In the wavelength region between 3100 and 9000 angstroms. 
Observations of meteors from above the atmospheric ozone region would extend 
the wavelength region below the 3100 angstrom ozone cutoff to approximately 
1000 anstroms. A number of elements such as hydrogen, carbon, silicon. Iron, 
and magnesium (which are suspected to be present In meteoroids) radiate 
strongly within this wavelength region. 

In this experiment, three or more slitless spectrographs will be used to 
obtain spectra of meteors In the brightness range of +2 to -3 absolute meteor 
magnitude. The spectrograph complex consists of a Carruthers far-ultraviolet 
spectrograph for the spectral region of 500 to 1600 angstroms, an electrono- 
graphlc spectrograph for the spectral region of 1300 to 2100 angstroms, and 
a middle-ultraviolet panchromatic spectrograph for the spectral region of 
2000 to 7000 angstroms. All of these spectrographs are near f/1 optical 
systems of the order of 100-mm focal length and 20 degrees field of view. 

A photomultiplier detector will sense meteors in the field of view of the 
spectrographs and actuate the shutter mechanism and film advance. The 
spectrographs will operate when looking at the dark side of the earth. Exposure 
times will be on the order of one-second duration. A block diagram of the exper- 
iment is shown in Figure C-37. A sketch of the instruments is shown in Figure 
C-38. 
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Physiodl Parameters. PH-6 (XST019) 


Equipment 

Qty 

Location 

Size Cft) 

Vol. 

(ft^) 

B9 

lilH 

Marne 


H 



ST008 

Tape recorder 

1 

Internal 

tm 

mm 

ig 

2.3 

100 

ST073 

FUV spectrograph 

1 

Airlock 


3.66 


0.83 

35 

ST074 

Electronograph ■ 

1 

Airlock 

0.66 

3.66 

1.25 

0.545 

35 


spectrograph 








ST075 

Panchromatic 

1 

Airlock 

0.83 

- 

1.25 

0.67 

35 


spectrograph 








ST076 

Photomultiplier 

1 . 

Airlock 

0.25 

- 

0.83 

0.035 

15 


detector 








ST077 

C/D console 

1 

Internal 

1.66 

3.66 

2.0 

2.19 

30 

ST078 

Airlock* 

1 

Internal 







* Experiment could be external If airlock not available. 


Configuration. See Figure C-38 . 


Eleatriaal/Data Requirements. PH-6 (XST019) 


Equipment 

Power (watts) 

Data 

Ref. No. 

Name 



Form 

Rate 


Tape recorder 

25 

250 . 

D 



FUV spectrometer 

- 

7 

Film ■ 

1/sec 

ST074 

Elect . spectrograph 

- 

7 

Film 

1/sec 

ST075 

Panchro spectrograpl 

- 

7 

Film 

1/sec 

ST076 

Pho tomul tip ler 

2 

2 

D 

100 bps 


detector 





ST077 

C/D console 

- 

15 

- ■ 

— 

ST078 

Airlock 
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Pointing and Sterility Requirements. The Shuttle pointing requirements 
and final instrument-pointing capability for the photomultiplier meteoroid 
detector are as follows: 


Accuracy 

(deg) 


1 


Duration 

(sec) 

1200 


Stability 

(deg) 

1 


Stability Rate 
(deg/sec) 

0.1 


Field of Vieu 


Ref. No. 

Name 

Instantaneous FOV 
(deg) 

Total POV 
(deg) 

ST073 

FUV spectrometer 

20 

20 

ST074 

Elect, spectrograph 

20 

20 

ST075 

Panchro. spectrograph 

20 

20 

ST076 

Photomultiplier detector 

20 

20 


Mission Operation. Observations are to occur on the dark side of the 
earth. The shutter is actuated when the meteor detector senses a meteor in 
the field of view or on command from the control unit. The observations run 
for the duration of the mission. The e3q>eriment is to be performed once per 
day, 7 times per mission. 


EVA Activity. None 

Crew Functions. This experiment is highly automated. Ihe crew function 
is to utilize internal control panel to initiate experiment and to monitor 
instrument performance. The crew is also required to monitor data recording, 
terminate experiment, and secure instruments and data for return flight. 
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Consiondb les 

Magnetic tape: 10 lb, 0.2 ft^ 

Film: 10 lb, 0.2 ft3 

Cryogenics : None 

Envirormentat Requirements. PH-6 (XST019) 


Operational Status 

Tenqjera- 

ture 

<°K) 

Relative, 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

OPERATING 
Internal Equip. 

295 + 5 

55 + 25 

300 ,000 

.60 

0.001 

External Equip. 
non-operating 
I nternal Equip. 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equip. 

283 + 83 

• 

300,000 


9.0 


Development Status, Design, procurement, tests, and calibration of the 
middle-ultraviolet slitless spectrograph and meteor detection system are 
expected to require 3 years at 2 man-years per year. 

The Carruthers spectrograph has been successfully used on Apollo 16. 

The electronographic camera has been successfully flown on a Aerobee rocket. 
Near-ultraviolet spectrographs and photomultiplier meteor detectors are 
routinely used by the NASA-LaRC Faint Meteor Spectra Patrol. 
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MICROBIOLOGY 


Five experiments have been Identified in the Microbiology discipline. 

These experiments involve both micro-organlsais and manuaallan cells and are 
proposed for accomplishment in space, either to utilize or investigate the 
effects of the weightless state. 

EXPERIMENT MB-1 (XST020) 

Colony Growth in Zero Gravity 

Objeottve. The purpose of this experiment is to Investigate the growth 
pattern of bacterial colonies in near-zero gravity. 

Description. A cllnostat has been used in the laboratory to demonstrate 
the effect of uniform gravity on bacterial colony growth. Observations of 
colony growth in a zero-gravity environment are needed for comparison, however, 
to establish the validity of the cllnostat technique for simulating zero 
gravity. 

A number of bacteria colonies to be observed are housed in the segmented 
center of a container which also serves as an incubator. The container has an 
internal light source, a cover, and a camera attachment on the front. Until 
ready for use, the container is stored in a refrigerator at 278 K. 

To start the experiment the container is removed from the refrigerator, 
mounted in the laboratory, the incubator activated, a camera attached, and the 
light source turned on. Teat observations are made by the camera which is 
sequenced automatically at 2-hour intervals for a 3-minute run. A total of 
12 observations is required. All data are recorded on film and analyzed post- 
flight. At the end of the test program the camera is removed, the cover 
replaced and the container returned to cold storage. 

The experiment equipment consists of a culture tube rack and light source, 
incubator container (310 + 1 K) , camera and refrigerator (278 K) . The design, 
development and checkout of this experiment are simple and straightforward. 

No state-of-the-art developments are required and ground test baseline data 
are available. 

The bacteria colonies are susceptible to changes in the acceleration level 
during incubation. Preliminary data reflect that acceleration levels should 
not exceed 10“3 g. 
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’Physical PaayameteTS . MB~1 (XST020) 


Equipment 

■ 


Size Cft) 


Vol. 


IMHIffilil 

Name 


Location 


H 



(ft^) 


ST019 

Still camera 

mm 

Internal 

0.25 

0.5 


0.063 

5 

ST049 

Light source 

H 

Internal 

* 

* 

* ' 

* 

* 

STO 79 

. Tube holder 

Ba 

Internal 

0.43 

0.26 

0.13 

0.014 

5 

ST080 

Refrigerator 

n 

Internal 

3.0 

2.0 

1.0 

6.0 

30 

ST081 

Experiment 

container 

1 

Internal 

0.58 

0.42 


0.10 

5. 


*Inside incubator (XST079) 

Configuration. See Figure C-39. 



Figure C- 39. Colony Growth in Zero-G Escperimental Apparatus 
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Eleotrical/Data Requirements. MB-1 (XST020) 


[ Equipment 

Power (watts) 

Data 

Ref. No. 

Name 


Operate 

Form 

Rate 

ST019 

Still camera 

0 

5 

Film 


ST049 

Light source 

0 

100 



ST079 

Tube holder 

0 

30 

_ 

- 

ST080 

Refrigerator 

- 

60 

— 


ST081 

Experiment container 

0 

0 

- 



Pointing and Stability. Not applicable 
Field of View. Not applicable 

Mission Operation. A total of 12 observations are required. These are 
to be made at 2-hour Intervals and the camera run time for each observation 
Is 3 minutes. Changes In acceleration are not to occur during the Incubation 
period. Estimates Indicate that acceleration levels should not exceed 10 “ 3 g. 


EVA Activity. None 

Crew Function. Remove container and light source from cold storage; 
mount in the laboratory; remove cover and attach camera; activate incubator, 
light source and automatic camera sequences; monitor operations; and deacti- 
vate and prepare for return flight. Crew is also required to destroy cell 
colonies in the event of breakage. 

Consumables 

Film: 5 lb, 0.1 ft3 

Magnetic tape: None 

Cryogenics ; None 
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Envivonmental Requivemnts . MB-2 (XST020) 


Operational Status 

Tempera- 

ture 

(°K) 

Relative 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acous tics 
(dB) 

Acceler- 

ation 

(g) 

OPERATING 






Internal Equip. 
External Equip. 

295 + 5 

55 + 25 

300,000 

60 

0.001 

NON-OPERATING 






Internal Equip. 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equip. 

283 + 83 


300,000 

145 

9.0 


Development Status. The design, development and checkout of this 
experiment are simple and straightforward. No large preflight development 
effort is anticipated. No state-of-the-art developments are required and 
ground test baseline data are available. 

EXPERIMENT MB-2 (XST021) 

Interpersonal Transfer- of Micro-Organisms in Zero Gravity 

Objective. The purpose of this experiment is to investigate the inter- 
personal transfer of micro-organisms between crewmen in weightlessness. 

Description. An important factor in the design of environmental control 
and life science support systems is a knowledge of the manner in which miro- 
organisms are transferred between crewmen in a closed environment. Although 
the absence of gravity is expected to affect the transfer pattern, this is 
difficult to simulate on the ground or assess analytically. 

The experiment relies upon post-flight analysis of microbial samples 
collected by the crewmen throughout the mission. Prior to liftoff, a known 
trace organism and a crewman carrier are Identified. The crewmen will 
periodically (at least once every 24 hours) collect microbial samples from 
their nose, throat and skin; label them; and place them in the incubator. 

This task will require about 15 minutes each sample-collection time. 
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After suitable incubation (24 to 48 hours) at 310 K, the samples are 
transferred to a 278-K refrigerator for preservation. Post- flight analysis 
will determine the transfer history of the trace organism. No special crew 
routines ore movements are required; however, a log of crewmen working in 
close proximity, and contacting one another when these working periods exceed 
a few minutes, is to be maintained. 

The experiment will continue for the entire duration of the mission and 
includes preflight and post-flight examinations. 

This experiment is closely related to the Sampling of Airborne Particles 
and Micro-Organisms experiment, and the post-flight data analyses will include 
the air-sampler data from that experiment. 


Phys-ioal Parameters. MB- 2 (XST021) 


Equipment 



Size (ft) 


Vol. 

Weight 


Name 

Qty 

Location 

IBHi 

JL_ 

L 

(ft3) 

(lb) 

ST080 

Refrigerator 

B 

Interaal 

3.0 

2.0 

1.0 

6.0 

30 

ST082 

Collecting/stor- 
age device 

1 

Internal 

1.3 

1.08 

a. 5 

0.7 

10 

ST083 

Incubator 

B 

Internal 

1.69 

0.5 

2.16 

1.82 

30 


Cong-iguration. See Figure C-40. 
EZeatriaal/Data Requirements. MB-2 (XST021) 


Equipment 

Power 

(watts) 

Data 

Ref. No. 

Name 

SBiSH 


Form 

Rate 

ST080 

Refrigerator 

0 


60 

- 

- 

ST082 

Collecting / s torage 
device 

- 


- 

- 

- 

ST083 

Incubator 

' 0 


50 

- 

- 


Pointing and Stability. Not applicable 
Field of View. Not applicable 

Mission Operation. The experiment is to continue for the duration of the 
mission and includes both preflight and post-flight examinations. There are 
to be 2 sample collection periods per day and a total of 7 per mission. Each 
crewman takes samples daily and processes them. 
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Experiment Operation Requirements 

Observation duration: 0.25 hour per cycle 

Total cycle time: 0.25 hour 

Crew Requirements. IVo general technicians each for 0.25 hour each day. 
Total support required for the mission is 3.5 hours. 

EVA Aotivity. None 

Crew Functions. Collect, incubate and store samples. A log is to be 
maintained of crewmen working in close proximity and contacting one another 
when these working periods exceed a few minutes. Crew is also to destroy 
samples in the event of breakage. 

Consumdb tes . None 


Environmental Requirements. MB-2 (XST021) 


Operational Status 

Tempera- 

ture 

(°K) 

Relative 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

OPERATING 






Internal Equip. 

295' + 5 

55 + 25 

300,000 

60 

0.001 

External Equip. 






NON-OPERATING 






Internal Equip. 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equip. 

283 + 83 


300,000 

145 

9.0 
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Development Status. The preflight development of the experiment hardware 
is minimal. This experiment is closely related to the Sampling of Airborne 
Particles and Micro-Organisms experiment. This investigation is an extension 
of current ground-based experimentation. 

EXPERIMENT MB-3 (XST022) 

Electrical Field Opacity in Biological Cells 

Objective. The purpose of this experiment is to determine the electrical 
field opacity error involved in measuring cell volumes using ground-based 
electronic techniques. 

Description. In ground laboratory work, extremely rapid measurements of 
cell volume can be performed with such electronic devices as the Coulter 
counter which senses local perturbations in a uniform electrical field caused 
by the cell. Electronic methods of this type, however, may be considerably 
in error due to the ionic permeability of cell membranes. Independent cell 
volume measurements are difficult because of sedimentation and attachment with 
subsequent changes in cell shape. 

Long-term observations of suspended cell populations under weightless 
conditions will permit accurate cell volume measurements due to the spherical 
symnetry of the cell. Observations will be recorded on film by a time-lapse 
camera. Simultaneously, cell volume measurements of the same base culture 
will be made using an on-board Coulter counter. Results obtained by the 
Coulter counter will be recorded. Post-flight analysis of the results of 
both observation will permit the determination of the accuracy of the elec- 
tronic measuring method. 

The experiment requires that the cells be tested at 310 K, and at a pH 
between 7.0 and 7.3. At the completion of the test, the cells will be 
disposed of. 

Approximately one hour will be required to perform the complete experi- 
ment, making both the time-lapse and the Coulter counter measurements. 

The experiment equipment, shown in Figure C-41, includes a refrigerator, 
microscope, time-lapse camera. Coulter counter and printer, incubator, £ind 
volume spectrometer. Since the required equipment items have been extensively 
used in ground laboratories, and a micros cope- camera included in Sky lab, no 
major new development requirements are foreseen. 

Pointing and Stability. Not applicable 

Field of Vieu). Not applicable 

Mission Operation. The experiment is to be performed once throughout the 
mission, ^proximately one hour is required to perform the complete experi- 
ment, making both time-lapsed and Coulter counter measurement. The accelera- 
tion is to be limited to 10~3g during operation. 
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Figure C-41 


Equipment for Electrical Field Opacity Experiment 


Rockwell 




Space Division 
Rockwell International 


EVA Aotiijity. None 

Cvew Requivements . One photo technician for one hour (total). 
Conswmdb les 


Film: 5 lb, 0.1 ft^ 

Magnetic tape: 
Cryogenics: None 


Equipment 



Size (ft) 

Vol. 



Name 

Qty 

Location 


HH 

L 

(ft3) 


ST 080 

Refrigerator 

B 

Internal 

3.0 

2:0 

n 

6.0 

30 

ST083 

Incubator 

B 

Internal 

1.69 

0.5 


1.82 

30 


Coulter counter 

B 

Internal 

1.69 

1.0 

Wm 

3.65 

20 

STOSS 

Volume spectr. 

B 

Internal 

1.69 

0.5 

2.16 

1.82 

15 

ST086 

Storage area 

B 

Internal 

1.69 

0.5 

2.16 

1.82 

25 

ST087 

Camera- 

microscope 


Internal 

0.5 

1.75 

0.75 

0.66 

15 

ST266 

Electronic sensor 

B 

Internal 

0.67 

1.5 

0.86 

0.84 

20 


Configuration. See Figure C- 41 . 


Electrical /Data Requirements. MB-3 (XST022) 


Equipment 

Power (watts) 

Data 

Ref. No. 

Name 


liKHSIIi 

Form 

Rate 

ST080 

Refrigerator 

- 

60 

- 

- 

ST083 

Incubator 

- 

50 

- 

- 

ST084 

Coulter counter 

- 

75 



ST085 

Volume spectrometer 

- 

50, 



ST086 

Storage area 

- 

- 

— 

- 

ST087 

Camera-microscope 

0 

10 

Film 

- 

ST266 

Electronic sensor 


30 

Display 
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Envircmnental Bequirements. MB-3 (XST022) 


Operational Status 

Tempera- 

ture 

(OR) 

Relative 

Humidity 

(X) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

(DERATING 
Internal Equip. 

295 + 5 

55 + 25 


60 

0.001 

External Equip. 






N(»I-OPEBATING 






Internal Equip. 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Eqttip. 

283 + 83 


300,000 

145 

9.0 


Development Status. No major new development requirements are envisioned 
since the required equipment items have been extensively used previously. 

EXPERIMENT MB-4 (XST023) 

Electrical Characteristics of Cells 


Objective. The objectives of the dlectrical characteristics experiment 
are to measure the electrophoretic mobility, surface zeta potential, and sur- 
face charge density of selected mammalian cell lines over the life cycles of 
the cells while under weightless conditions. The experiment will also investi- 
gate electrophoretic methods which take advantage of a weightless environment 
to determine electrical characteristics of cells. 

Desariptian. The surface properties of the cell are intimately involved 
in the process of cell division. Accurate measurement of these properties 
over the entire life cycle of the cell — especially during the division period — 
would result in a much clearer understanding of the role of electrical charges 
in division control. At present, our entire understanding of the electrical 
properties, however, is adversely affected by convection currents and cell 
sedimentation under gravitational forces. Consequently, cells can only be 
observed for short periods of time. 

In the weightless environment, the convection and sedimentation effects 
are eliminated, thereby permitting very accurate measurement of the cells' 
electrical characteristics. It also permits the detection of very small 
differences in surface charge densities. 

There are two separate steps Involved in the operation of this experiment. 
The first is the preparation of the cultures to be observed. This consists of 
growing various cell lines in an artificial nutrient media and treating them 
with a 5-aminouracil (5-AU) chemical to arrest their growth and synchronize 
the cell population at a known point in the life cycle. 

Ihe second step is the measurement of the cellular electrophoretic mobil- 
ity. This Involves removing the growth-inhibiting chemical from the culture. 
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placing small volumes of the suspended cell culture In the electrophoretic 
apparatus at selected times, and determining both the cell size and mobility 
of individual cells in a known electric field. Those data are recorded by 
the operator for post-flight analysis. 

Fifteen-minute observations every two hours during each cellular life 
cycle are envisioned. At the completion of the test, the cells are disposed 
of. Post-flight analysis of the data will determine the cell potential and 
charge as a function of time in the life cycle. The experiment is to be per- 
formed with the cells at 310 K and the pH between 7.0 and 7.3. 


Physioal Parcmeters. MB-4 (XST023) 


Equipment 

■ 


Si 

Lze (ft) 


Vol. 


mmm 

Name 


Location 


HH 

.i. 

(ft3) 

■qH 


Refrigerator 

■ 

Internal 

3.0 

2.0 

1.0 

n 


ST083 

Incubator 


Internal 

1.69 

0.5 

2,16 

1.82 



Camera-mi croscop« 

la 

Internal 

0.5 

1.75 

0.75 

0.66 



Electrophoretic 

apparatus 

B 

Internal 

1.0 

1.0 

1.0 

1.0 


ST089 

Culture ware* 

B 

Internal 

0.5 

0.5 

1.0 

0.25 


ST090 

Centrifuge 

B 

Internal 

1.0 

0.51 


0.4 

40 


*Inside incubator (ST083) 

Configuration, Not available. 


Electrical/ Data Requirements. MB-4 (XST02S) 


‘ Equipment ' • < 

Power (watts) 

Data 

Ref. No. 

Name 



Form 

Rate 

ST080 

Refrigerator 

— 

60 • 


_ 

ST083 

Incubator 

- 

50 

- 

- 

ST087 

Camera-microscope 

0 

10 

Film 

- 

ST088 

Electrophoretic 

apparatus 


200 



ST089 

Culture ware 

- 

- 

- 

- 

ST090 

Centrifuge 

- 

50 

- 

- 


Pointing and Stability. Not applicable 
Field of View. Not applicable 

Mission Operation, This experiment may be performed in any Shuttle orbit. 
Only one 20-hour experiment operation cycle is required throughout the mission. 
It is estimated that 15 minutes of observation every 2 hours throughout the 
operation cycle is adequate. At the completion of the experiment, the cells 
are disposed of. 
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Biis e^eriment may be adversely affected by strong electric or magnetic 
fields, sudden changes in acceleration level, and cyclic vibration of the 
test ^paratus. Preliminary estimates indicate that acceleration levels should 
not exceed 10~3g. 


EVA Aotivity. None 

Crew Functions. Maintaining growth of the cell lines; preparation of 
synchronized cultures by the application of 5 All; placing cultures in the 
electrophoretic apparatus; periodic sampling and recording of data over the 
cell life cycle; and the securing of equipment for return flight, plus dis- 
position of the cell at the termination of the esqierlment. Tasks also 
include disposing the cells throughout the experiment in the event of breakage. 

Consiundbles . None 


Environmental Requirements. MB-4 (XST023) 


Operational Status 

Tempera- 

ture 

(°K) 

Relative 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

OPERATING 
Internal Equip. 

295 +5 

55 + 25 

300,000 

60 

0.001 

External Equip. 
NON-OPERATING 
Internal Equip. 

295 + 20 

50 + 45 

300,000 

145 

9.0 

External Equip . 

283 + 83 

• 

300,000 

145 

9.0 


Development Status. The key element, the electrophoretic apparatus, 
has been extensively used in ground laboratories and a flight unit developed 
for Skylab. Consequently, no large development requirements are envisioned. 
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EXPERIMENT MB-5 (XST024) 

Special Properties of Biological Cells 

Objective. The purpose of this experiment is to determine the physical 
properties of human and mammalian cells under conditions of weightlessness. 

Description. The properties to be studied in this experiment are cellular 
shape variations, cellular volume changes, cellular spreading and attachment, 
cell locomotion, cell-to-cell adhesion, cell surface molecular properties, 
serum sedimentation, all clones and clonal growth, slime-mold morphogenesis, 
and molecular basis of geotropism. Many of these characteristics and activi- 
ties of human and mammalian cells cannot be accurately or meaningfully studied 
on earth because of the significant interference of gravity or gravity-related 
effects such as convectivity and sedimentation. Study of such activities under 
the conditions of weightlessness will potentially provide a greatly increased 
accuracy of measurement as well as elucidation of specific phenomena not other- 
wise observable. 

Several very important biological phenomena, particularly those involved 
in the fundamental processes of morphogenesis, involve geotropism. Study of 
such processes under weightlessness can yield crucial and otherwise unattain- 
able information as to the basic n^chanisms of their functional and moirphologi- 
cal involvements in response to gravity. All tests are to be performed with 
the cells at 310 K and at a pH between 7.0 and 7.3. At the completion of the 
experiment, disposition of cells is made. All the studies use time-lapse 
micrography to observe and record the cells under study. 


Physical Parameters. MB-5 (XST024) 


Equipment 


Location 

Size (ft) 

Vol. 

Weight 




H 

L 

(ft3) 

(lb) 

ST080 

Refrigerator 

B 

Internal 

3.0 

2.0 


6.0 

—1 

ST083 

Incubator 

B 

Internal 

1.69 

0.5 


1.82 

BSH! 

ST087 

Camera-microscope 

B 

Internal 

0.5 

1.75 


0.65 


ST089 

Culture ware 

H 

Internal 

0.5 

0.5 

1.0 

0.25 

B 


Configuration. Not available. 

Electrical /Data Requirements. MB-5 (XST024) 


Equipment 

Power 

(watts) 

Data 

Ref. No. 

Name 

S tandby 

Operate 

Form 

Rate 

ST080 

Refrigerator 

_ 

60 

— 

— 

ST083 

Incubator 

- 

50 

- 

- 

ST087 

CaiTier a-micros cope 

0 

10 

- 

- 

ST089 

Culture ware 
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Painting and Stability. Not applicable. 

Field of Viem. Not applicable. 

Mission Operations. This experiment may be operated In any Shuttle orbit. 
All studies can be performed In 5 days with 2 to 4 hours of operation each day. 
Operation of the time-lapsed camera Is fully automatic. It Is anticipated that 
all cultures will be premixed and readily available. The experiment Is to be 
performed once per day and 5 times per mission. 


EVA Activity. None 

Crew Functions. Prepare various cell and organism samples for viewing 
in the time- lapsed unit by removing small populations from a central culture 
container, load time-lapse camera, turn camera on at the start of the experi- 
ment, maintain reasonable focus on the cell system under study, and remove 
film at completion of standby. 

Consumables 

Film; 5 lb, 0.1 ft^ 

Magnetic tape; 

Cryogenics ; None 


Environmental Requirements. MBS (XST024) 


Operational Status 

Ten^>. 

(OR) 

Rel. Hum. 

(Z) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Accelera- 
tion (g) 

OPERATING 






Internal Equipment 
External Equipment 

295 + 5 

55 + 25 

300,000 

60 

0.001 

NON-OPERATING 






Internal Equipment 

295 + 20 

50 445 

300,000 

145 

9.0 

External Equipment 

283 + 83 


300,000 

145 

9.0 


Development Status. Little development effort is anticipated since it 
may be possible to utilize the same overall equipment and instrumentation 
developed for Sky lab Experiment S015, Effects of 2tero-Gravity on Single Human 
Cells. 
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ENVIRONMENTAL EFFECTS 


Three experiments have been Identified in the area of environmental 
effects. These involve obtaining data on the space cabin environment, obtain- 
ing in situ data on material fatigue life characteristics and fatigue crack 
propagation, and also obtaining in situ data of the space environment effects 
on non-metallic materials. 

EXPERIMENT EN-1 (XST027) 

Sampling of Airborne Particles and Micro-Organisms in Space Cabin Environment 

Objectives . The purpose of this experiment is to obtain samples of the 
space cabin environment during a manned earth orbital mission. These samples 
would be used to provide information on the following: 

1. The types of micro-organisms present in the cabin air 
environment . 

2. The quantification of these micro-organism types. 

3. The rate of change of these micro-organism types with respect 
to operations of and in the spacecraft. 

4. The types, quantity and rates of change of non-viable 
particles. 

5. The origin of the non-viable particles. 

6. The classification of both viable and non-viable particles 
as to size. 

Description. The generation and suspension of both viable and non- 
viable particles are increased in a weightless environment. These particles 
can cause two types of adverse effects in spacecraft cabin environments. One 
is a degradation of the reliability of spacecraft systems and subsystems, 
primarily those utilizing optical components. The other is the adverse effects 
of these particles on the health of the astronauts. In order to design contam- 
ination control equipment for the cabin environment, the sources, concentration 
and nature of these particles must be determined. The results of this experi- 
ment will be of value in verifying the theoretical predictions, evaluating 
groxmd test data, and designing the contamination control subsystems of future 
environmental control and life support systems. It will also provide data on 
the operation of the ATL contamination control system. 

The experiment Involves the periodic collection of air samples from both 
\:'.e ATL and the Shuttle ccckpi_ ares. The basic instruments consist. of to/o 
air-sampling units, each unit conhidning two manifolded six-stage seive-type 
samplers. Cabin air is drawn into the units by pumps and the microflora and 
particulate matter are collected on surfaces in the units for post-flight 
analysis. 

To collect data on the ATL environment, one sampler in the unit is run 
for one hour early in the mission and then turned off. The second sampler 
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in that unit is run for one hour late in the mission and then turned off. Data 
for the Shuttle area are obtained in a similar fashion. One sampler, in the 
Shuttle unit is run for one hour during orbit insertion; the second for one 
hour during reentry. Should an in-flight energency occur whereby particulate 
matter is introduced into either the ATL or Shuttle cockpit environment, the 
appropriate sampling unit will be turned on to obtain an air sample for 
emergency operations analysis. The experiment operation is highly automated 
requiring only that a crewman remove and store portions of the two units in 
a 278 K refrigerator after each sample is obtained. This experiment does not 
require data recording or data transmission during the mission. 


Physioat Parconeters . EN-1 (XST027) 


Equipment 



Size Cft) 

Vol. 

Weight 

Rpf Nn. 

Name 

Qty 

Location 

W/dia 

H 

..L.. 

(ft^) 

(lb) 

ST080 

Refrigerator 

1 

Internal 

3.0 

2.0 

1.0 

6.0 

30 

ST105 

Air sample unit 

1 

Internal 

1.0 

1.0 

0.5 

0.5 

15 

ST105 

Air sample unit 

1 

Orbiter 

cabin 

1.0 

1.0 

0.5 

0.5 

15 

ST106 

C/D console 

1 

Internal 

0.45 

0.5 

1.0 

0.23 

10 

ST107 

Timer 

1 

Internal 

0.2 

0.2 

0.2 

0.008 

0.5 


Configuration, Not available. 


Eleotvical/Data Requirements. EN-1 (XST027) 


Equipment 

Power (watts) 

Data 

Ref. No. 

Name 

Standby 

Operate 

Form 

Rate 

ST080 

Refrigerator 

— 

60 

— 

— 

ST105 

Air sample unit 


100 

Sample 

2/mlssion 

ea. 

ST106 

C/D console 

■ 0 

20 

- 

- 

ST107 

Timer 

- 

5 

Display 

- 


Pointing and Stability Requirements. None 
Field of View. Not applicable 

Mission Operations. Unit Installed in ATL to be operated for one hour 
near the beginning of mission, and for one hour near the end of mission. Unit 
in the Orbiter cabin is to be operated for one hour during orbit insertion and 
for one hour during reentry. Appropriate sampling unit also to be operated 
in the event of an emergency such as a fire. 
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nodoMel InternaiQral 


EVA Activity. lk»e 

Crew Function. Operate eoq>erlBent eqnipaeat, resow aad store sables 
In the refrigerator, and secure equipnatt for return fll^t« 

Constsmi>les. Hone 

Environmental Requirements. EB-1 (JST027) 


Operational Status 

Teapera- 

ture 

(“K) 

Relative 

Bunidity 

(Z) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(e) 

OPERATING 





■m 

Internal Equip. 
External Equip. 

295 + 5 

55 + 25 


60 

0.001 

NON-OPERATING 






Internal Equip. 

295 + 20 

55 + 45 


145 

9.0 

External Equip. 

283 + 83 

• 

300,000 

145 

9.0 


Development Status. Air sampler technology is well advanired and no 
large developsent effort is anticipated. Sose sodificatico to existing 
designs say be required, along with fli^t-quallficatidn testing. 
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EXPERIMENT EN-2 (XST028) 

Orbital Fatigue Experiment 

Object-ive. The purpose of this ejq^erlment Is to obtain -in situ data on 
the effects of the space environment on material fatigue life characteristics 
and fatigue crack propagation. 

Description. Results of laboratory fatigue tests on 7075-T6 aluminum- 
alloy specimens conducted In a vacuum chamber Indicated that for a given stress 
level, the lower the air pressure the longer the fatigue life. Since the gas 
species In the chamber differ from those In space, however, this Increase In 
fatigue resistance may not be realized In the space environment. This experi- 
ment will provide in situ test data to establish the validity of ground- 
laboratory results and to develop revised ground test procedures and data 
evaluation techniques where required. 

The experiment equipment Is Illustrated In Figure C-42 . The experiment 
Is to be conducted In two parts. 

1. FATIGUE LIFE TEST. A test sample Is mounted In the test machine 
In the airlock and the test load Is set. The fatigue test machine 
and sample are then deployed to the space environment and the 
fatigue testing Is Initiated. Accumulated cycles and load are 
displayed on an Internal console. The test continues mtll the 
sample falls, at which time the machine automatically shuts 

down. The assembly Is retrieved, the sample replaced, and the 
test repeated. 

2. CRACK PROPAGATION TEST. The test procedure Is the same as that 
for the fatigue life experiment, except the test specimens are 
Instrumented with break wires to Indicate crack propagation 
with the number of load cycles. Additional equipment Is 
required Inside the module to monitor the break wire circuits 
until the test specimen falls, and to record the data. 

An airlock Is required to deploy the fatigue- testing machine Into the 
space environment. Problems associated with the effects of temperature 
gradients and contamination of the fatigue test machine and test specimens 
are yet to be resolved. The solution to these. Items may Influence the orbital 
attitude and the deployment requirements. 
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Figure C>42. Equipment Layout for Orbital Fatigue Experiment 
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Physical Parconeters . EN-2 (XST-028) 


Equipment 



Size (ft] 


Vol. 



Name 

Qty 

Location 


H 

L 

(ft3) 


ST008 

Tape recorder 

m 

Internal 

1.6 

0.9 

1.6 

2.3 

100 

ST078 

Airlock* 

H 

- 

- 


- 

- 

- 

ST108 

Fatigue tester 

B 

Airlock 

1.9 

- 

0.62 

1.75 

100 

ST109 

Load/cycle 

counter 

1 

Airlock 

0.9 

0.9 


1.34 

20 

STlll 

Crack propagation 
monitor 

■ 

Airlock 

1.7 

2.1 

1.7 

6.1 

50 

ST244 

Mounting plate/ 
extension mech. 

■ 

Airlock 

3.0 

1.5** 


10.6 

50 

ST269 

Fatigue specimen 

10 

Airlock 

0.3 

0.3 

0.03 

.0027 

0.1 


*Included as part of sortie laboratpry 
**S towed height; deploys (TBD) feet. 


Configuration, See Figure C-42 . 


Electrical /data Requirements. EN-2 (XST028) 


Equipment 

Power (watts) 

Data 

Ref. No. 

Name 

H95B1 

Operate 

Form 

Rate 

ST008 

Tape recorder 

25 

250 ■ 

D 


ST078 

Airlock 

- 

- 

- 

- 

ST108 

Fatigue tester 

- 

200 

- 

- 

ST109 

Load/cycle counter 

- 

50 

D 

500 bps 

STlll 

Crack monitor 

- 

50 

D 

500 bps 

ST244 

Mounting plate 

- 

50 

- 

- 

ST269 

Fatigue specimen 
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SkMxDMaion 

ftodBwellnternalional 


Pointing and Stdn-lity BequCretne n t s , Hone 
Field of Viea. Hot aqpplicable 

Mission Operaticn. The esqieriaent Is to be perfozned fnm a piceferred 
altitude of about 250 nal. Attitude lequlzeaents nay develop later doe to tlie 
solution of teaperature gradient studies. 


EVA Activity. Hone 

Crew Functions. Install test saaples in the fatigue test aachine; set 
sample test load; deploy test machine; initiate test, retrieve test machine 
at the conclusion of the test; and record data. 

Consuiaohles 

Hagnetlc t^e: 10 lb, 0.2 ft^ 

Sanqple s{>ecimens: 20 lb, 0.6 ft^ 

Cryogenics : Hone 

Film: Hone 


Enviponmental Bequiremsnts. EM~2 (IST028} 


Operational Status 

Teapera- 

txnre 

(°K) 

Relative 

Huatidlty 

«) 

Cleanli- 

ness 

{Class) 

Acoustics 

(dB) 

Acireler- 

atlon 

(g) 

OPERATIHG 






Internal Equip. 
External Equip. 

295 + 5 

55 + 25 

300,000 

60 

0.001 

HCN-OPEKATIHG 






Internal Equip. 

295 + 20 

55 + 45 


145 

9.0 

External Equip. 

283 + 83 



145 

9.0 


Development Status. A prototype fatigue test marhifw is presently being 
designed and fabricated by the Lockheed (Callfoxnla) Gorpoxation. 


C-113 


SB 74-5A-0136 














Space Division 
Rockwell International 


EXPEjaMENT EN-3 (XST029) 

Environmental Effects on Non-Metallic Materials 

Objective. The purpose of this experiment is to collect in situ data on 
the effects of the near-earth space environment on elastomers, coatings, and 
polymeric films. 

Description. Ground tests have shown that many non-metallic materials 
exhibit changes in optical and mechanical properties after a relatively short 
exposure time to simulated space environment. These tests, however, are 
limited in their capability to provide a real-time simulation of the degrading 
elements of the space environment. The data obtained from this experiment will 
be utilized to evaluate the suitability of non-metallic materials for space 
applications as well as improving laboratory simulations of space environmental 
effects . 

The experiment consists of two arrays of samples sealed within vacuum- 
tight containers. The configuration is shown in Figure C-43 . Upon test 
initiation, both arrays are deployed by a single extendable boom. With the 
boom fully extended, the samples are unsealed and exposed to the space envir- 
onment by mechanically removing covers from the array containers. The array 
will be positioned to obtain the maximum sunlight possible without active 
solar orientation. During the mission the experiment is completely passive. 
Prior to reentry, the array containers are resealed, the boom retracted, and 
the samples maintained in vacuum storage until delivery to the ground labora- 
tory for analysis. Since exposure to oxygen can eliminate the effects of 
radiation on many of these materials, the integrity of the vacuum seal on 
these canisters is essential to the successful completion of this experiment. 


Physical Parameters. EN-3 (XST029) 


Equipment 



Size (ft) 

Vol. 


lllil 

Name 

Qty 

Location 


H 

bh 

(ft3) 


ST008 

Tape recorder 

m 

Internal 


0.9 

1.6 

2.3 

100 

ST042 

Deploy/re tract 
system* 

1 

External 

0.33 

1.41 

2.2 

1.02 

25 

ST112 

Sample arrays 

01 

External 

0.6 

0.2 

0.6 

0.07 

0.5 

ST113 

Vacuum container 


External 

0.6 

0.2 

0.6 

0.07 

5 

ST241 

Tray cover motor 

Q| 

External 

0.4 

- 

0.4 


2 

ST242 

Sun sensor 

il 

External 

0.1 

0.1 

0.7 

0.007 

0.5 


*Boom deploys approximately 50 feet. 
Configuration. -See Figure C-43. 
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Figure C-43« Non-Metalllc Material Degradation Experlnent 


Electricdl/Data Requirements. EN-3 (XST029) 


Equipment 


Power (watts) 


Ref. No. 


erate 



ST008 lajpe recorder 

S1042 Deploy/xetract ays 
ST112 Saaple arrays 

ST113 VacuuB ccntalners 

ST241 Tray cover notor 

ST242 Sun sensor 
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Pointing and Stability Eequivements . None 
Field of VieijJ. Not applicable 


Mission Openaticn. Continuous exposure of the samples is 
initial deployment. Diagnostic data require periodic readout 
ture on each array at specific points during the mission. 


desired after 
of one tempera- 


EVA Activity. None 

Crew Functions. Activation of extension and sample exposure mechanism 
at the start of the experiment; activation of the sample resealing and retrac- 
tion mechanisms at the end of the experiment. 


Consumdb les 

Magnetic tape: 10 lb, 0.2 ft^ 

Film; None 
Cryogenics : None 

Environmental Requirements. EN-3 (XST029) 


Operational Status 

— 

Tempera- 

ture 

(°K) 

Relative 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

OPERATING 






Internal Equip. 
External Equip. 

295 + 5 

55 + 25. 

300,000 

60 

0.001 

NON-OPERATING 






Internal Equip. 

295 + 20 

55 + 45 

300,000 

145 

9.0 

External Equip. 

283 + 83 

' 

300,000 

145 

9.0 


Develaprr 0 nt Status. It is anticipated that the design and development 
will be straightforward. The effects of external contamination require further 
analysis. 
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COMPONENT AND SYSTEM TESTING 

Two experiments have been identified in the area of component and system 
testing; both e 3 q>eriments are related to spacecraft systems verification. One 
experiment evaluates operation of a steam generator in zero-gravity environment 
and the other is a contamination monitor. 

EXPERIMENT CS-2 (XST026) 

Zero-Gravity Steam Generator 

Objective. Tlie purpose of this experiment is to obtain steam generator 
performance data imder operation at near-zero gravity levels in earth orbit. 

Description. A promising technique for removing CO 2 from the cabin air 
is steam desorption which utilizes steam to display CO 2 from the sorbent beds 
in the system. The phase change and heat transfer processes involved in the 
steam generator, however, are expected to be gravity-sensitive. At reduced 
gravity levels, performance parameters such as amount of steam generated and 
steam quality are difficult to predict analytically or to simulate with 
ground tests. The steam generator performance data obtained in this experi- 
ment will be of value in verifying analytical performance prediction methods 
as well as for design applications. 

The configuration of the steam generator is shown in Figures C-44 and 
C-45. Input water is circulated through channels running from the outer sur- 
face to the hot central heat source wherein a silicon fluid is continuously 
circulated at 394 K to 422 K. Near the center of the generator coil, the 
water turns to steam and the steam is drawn off through another flow channel. 
Supporting equipment includes a water supply system, a steam/water recovery 
system, a liquid heat loop, a control and display panel and a tape recorder. 

A block diagram of the experiment is shown in Figure C-46. 
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Figure C-45. Equipment Layout for Zero-G Steam Generator Experiment 
Total volume, 0.099 m^ (3-5 ft^) 
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Figure C-46 • Block Diagram of Zero-G Steam Generator Experiment 

(Note. All data must be recorded plus T, , and displayed visually on 
remote control panel.) ** ^ 
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Vhysioal Varanetere, CS-2 (XST026) 


Equipment 



Size (ft] 


Vol. 

Height 


Name 

Qty 

Location 


BH 

1-3 

(ft3) 

(lb) 

ST008 

Ttq>e recorder 

1 

Internal 

1.6 

0.9 

1.6 

2.3 

100 

ST098 

Pressure tank 

4 

Internal 




* 

* 

ST099 

Water reservoir/ 

1 

Internal 




* 

* 


heater 








SHOO 

Steam generator 

1 

Internal 




* 

* 

STIOI 

Pirmp 

1 

Internal 




* 

* 

ST102 

Steam condensor 

1 

Internal 




* 

* 

ST103 

Electronics 

1 

Internal 

1.0 

0.5 

0.5 

0.25 

• 10 

ST104 

C/D console 

1 

Internal 

1.6 

3.0 

2.0 

9.6 

85 

ST285 

Hardware flow 

1 

Internal 




* 

* 


circuits 









Steam generator 


Internal 

D 

flHj 

1.66 

3.48 

114 


rack 

1 


I 

B 





^Integrated Into a single steam generator rack 


Configwmtion. See Figures C-44 and C-45 . 


EleatHaal/Data Requirements. CS-2 (XST026) 


[ Equipment 

Power (watts) 

Data 

Ref. No. 

Name 



Form 

Rate 

IPUB 

Tape recorder 

25 

250 

D 



Electronics 

- 

10 

- 

- 

ST104 

C/D console 

- 

20 

- 

- 


Steam generator rack 


500 

D 

3 kbps 


Pointing and Stdbitity. Not applicable. 


Field of Vieu. Not applicable 
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Mission Operation, The experiment is to be operated for two test runs. 
There is to be one observation per day for two days. 

Crew Functions. Operate switches and valves. Monitor displays. 
Consimdbles . Magnetic tape 


Environmental Requirements. CS-2 (XST026) 


Operational Status 

Tempera- 

ture 

(°K) 

Relative 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acoustics 

(dB) 

Acceler- 

ation 

(g) 

OPERATING 
Internal Equip. 

295 + 5 

55 + 25 

300,000 

60 

0.001 

External Equip. 
NON-OPERATING 
Internal Equip. 

295 + 20 

55 + 45 

300,000, 

145 

9.0 

External Equip. 

283 + 83 


300,000 


9.0 


Development Status. Prototype hardware currently being evaluated. 
No significant development problems are anticipated. 
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EXPERIMENT (XST- ) 
Contamination Monitor 


Objective. The purpose of this ejqjerlment Is to monitor the type and 
level of contamination In the Orblter cargo bay. 

Descr^iptian. This experiment consists of a series of passive sensors 
mounted In the Orblter cargo bay to monitor the contamination of different 
points throughout the mission. It Is anticipated that groups of sensors will 
be sequentially exposed to the Orblter bay environment. The phases of the 
mission at which the contamination monitoring Is desired are: booster 

Ignition, Orblter main engine Ignition, orbit, deorblt, and landing rollout. 

Physical Parameters. TBD 

Ccn figuration. Not available. 

Electrical/Data Requirements. TBD 

Pointing and Stability Requirements. None 

Field of View. Not applicable 

Mission Operations. The sensors mounted In the Orblter cargo bay are 
exposed to the environment at five different phases of the mission. 

Experiment Operational Requirements. TBD 

Crew Requirements. One general technician for TBD hours per day, and 
TBD hours per mission. 

EVA Activity. None 

Crew Function. Activation of e^qiosure and reseallng mechanism. 

Consumdb les 

Magnetic tape: TBD 

Sample specimens : TBD 

Film: None 

Cryogenics ; None 
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Environmental Requirements. 


Operational Status 

— ' 

Tempera- 

ture 

(°K) 

Relative 

Humidity 

(%) 

Cleanli- 

ness 

(Class) 

Acous tics 
(dB) 

Acceler- 

ation 

(g) 

OPERATING 
Internal Equip. 

295 + 5 

55 + 25 

300,000 

60 

0.001 

External Equip. 
NON-OPERATING 
Internal Equip. 

295 + 20 

55 + 45 

300,000 

145 

9.0 

External Equip. 

283 + 83 

• 

300,000 

145 

9.0 


Development Status. Experimental 
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APPENDIX D. ACTIVITY DATA SHEETS 


Appendix D contains the activity data sheets (ADS) for both the complete 
Spacelab (Part I) and the pallet-only (Part 2) configurations. These activity 
data sheets are detailed definitions of the test operations associated with 
each activity that Is defined In the expanded functional blocks (Volume II, 
Section 4.2). Each sheet contains an activity Identification section which 
lists the related functional flow number, the title, and the applicable con- 
cepts where this activity Is utilized. It also references the principal 
Spacelab hardware elements that are involved. The second part of the ADS Is 
the description section where a detailed Identification of the operations 
Involved and the time estimates and resources required to accomplish the task 
are defined. With each activity data sheet, there Is a detailed functional 
flow. These flows lllvistrate the composite time sequence for that specific 
ground processing operation. 

Utilizing the resource requirements and time sequencing of operations 
from the activity data sheets, the determination of 6SE, facility and T&O 
personnel will be facilitated. These data sheets can also be used to estab- 
lish the sensitivity of the concepts to varying flight rates. 

PART 1. COMPLETE SPACELAB 


To assist in the correlation of these activity data sheets to the refer- 
enced applicable concept, Table D-1 has been Included. 

Table D-1. Complete Spacelab Processing Concepts 


Concept 

Number 

Owner 

Integratj 

.on Site 

Support 

Module 

Experiment 

Module 

Pallet 

Experiment 

Equipment 

Spacelab 

I 

IC 

IC 

IC 

IC 


II 

LS 

IC 

IC 

IC 

LS 

III 

LS 

IC 

IC 

User 

LS 

IV 

LS 

User 

User 

User 

LS 

V 

User 

User 

User 

User 

User 


In order to cross-correlate these activities and the appropriate detailed 
flows to which they relate, this Information must be referenced back to 
Volume II, Section 4.2. 
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BLOCK 1.0 EXPFRIMENT TRftNSPOR ATION 

*#«***:« I4c*****«2 WORKING DAYS 

♦*** transfer experiments prom user/pi lab to EXPMT INTEGRATION AREA 
CONDUCT EXERIMENT RECIEVING INSPECTION 




M# 

cx 

o 

3 

Q) 
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BLOCK 1.0 EXPERIMENT SHIPMENT 


it^^ti**:^clitt*^^L^**2*******3*******^*******5*******b*******l*******B WORK ING DAYS 


V 


«**4t*4'4>«4<4>*»4r4r**4>4c4'4t**** PREP FOR, SHIP,£ TRAVEL OF FIRST SET OF THREE 

EXPERIMENTS! TYPICAL) 

4c**4c4c4:«* C ON S TR UC T / F A3 R I C A TE SHIPPING CONTAINERS 

SFAL E/I OR PART IN WEATHERPROOF BAG W/DESSICANT 
INSTALL BAGGED E/I IN SHIPPING CONTAINERS 
«4c4. PRESSURISE CONTAINERS W/INERT GAS (GN2) 

*♦* PREPARE SHIPPING I NSTRUCT IONS /DOCUMENT ATI ON 
♦* MOVE TO SHIPPING DOCK 

* SHIP FIRST SET OF THREE EXPERIMENTS 
«*«*^*** ENROUTE TRAVEL 13 EXPERIMENTS) 

**4>*4i**«****4c*«*««*i^4>4c*4> SECOND SET OF EXPERIMENTS PROCESSING 
4ci^a>****i^******«**4'***4<«* THIRD SET OF EXPERIMENTS 

FOURTH SET OF EXPERIMENTS PROCESSING 
«4>4t4>4t««4t«4t«4>4t4t****4t*4tRt4t4>*4>«4t4t*#4t CONDUCT EXPERIMENTS RECIEVING 


INSPECTION 
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Sheet 1 of ^ 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 1.0 Applicable Concepts: ALL 

Title: Experiment Shipment 


Principal Elements : Experiments and Experiment Racks 


2.0 ACTIVITY DESCRIPTION 

This activity is concerned with the transportation and shipment of exper- 
iments and experiment -related racks and auxiliary equipment from its 
initial deployment from the principal investigator (PI) and subsequent 
return; or from the user to other centers and return. It is specifically 
pertinent to the geographical relocation of equipment as differentiated 
from localized movement within a given center. 

Ihe activity deals with all preparations required in the shipment process, 
including initial construction of shipping containers, documentation, 
equipment installation, contamination control and container pressurization. 

Responsibility for shipment and follow-up status belongs to the consignor, 
and represents the final action of this activity. The timeline for this 
task was based upon an average processing time of 3 experiments per day; 
considering processing time overlaps, shipping and receiving/inspection, 
the total timeline is 7 days for 12 experiments. 
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BLOrK 2.0 EXPERIMENT INSTALLATION 


WORKING WEEKS 

tL**^t***^*^^f*t******* PACKS/EXPERIMENTS BUILDUP 6 PRE INTEGRA! ION 

PREPARATIONS FOR E XPMT* S/RACKS t AFT BULKHEAD 6 AFT UTILITY BRIDGE 
INSTALLATION 

**4c**««i^**4'4c4.«4>4>««4>4> INSTALL EXPERIMENTS ON PALLET 
♦♦ navigation 

4c«**** EARTH OBSERVATION 

♦ ENVIRONMENTAL EFFECTS 
* COMPONENTS AND SYSTEMS 
* MICROBIOLOGY 

♦♦**♦♦*♦* OHYSICS AND CHEMISTRY 

*«**««* *4.4c4>*«* INSTALL PRE-INTEGRATED RACKS/EXPMT* S ON EM STRUCTUAL 

FLOOR 

****** INSTALL EM AFT BULKHEAD £ AFT UTILITY BRIDGE 
y ♦ VERIFY PLUGS OUT CONTINUITY OF ALL ELEC 

, CONNECTORS 

♦♦♦ MATE ELEC/FLUID CONN £ LK CK FLUID CONN AT 
AFT BLKHD £ PALLET INTERFACES 
PREPS FOR RACK/EXPMT»S/SM SIM SET MATE 
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Sheet 1 of 1 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 2.0 Applicable Concepts: ALL 

Title: Experiment Installation 


Principal Elements; Racks /Exp erlments , Experiment Module Floor and 

Aft Bulkhead, Aft Utility Bridge and Pallet 

2.0 ACTIVITY DESCRIPTION 

This task represents the beginning of Level III testing and Includes 
buildup and pre-integration of racks /experiments , preparations and 
Installation of racks /experiments , Installation of the experiment module 
aft bulkhead and utility bridge. The requirement for the EM aft bulkhead 
at this stage Is precipitated by the necessity for routing cables and 
connections from the racks /experiments on the experiment module floor, 
through a feed-through connection In the EM aft bulkhead, through the 
aft utility bridge, to experiments on the pallet. This operational pro- 
cedure obviates the necessity for breaking connections between the racks/ 
experiments in the EM with those on the pallet following experiment 
integration tests. 

A plugs-out continuity test prior to connecting electrical interfaces, 
mate of electrical/mechanical interfaces, leak check of fluid lines /con- 
nections , and preparations for mating the support module simulator to the 
racks /experiments form a part of the activity of this task. 
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Space Division 
Rockwell International 


Sheet 1 of 1 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 2.1 Applicable Concepts: ALL 

Title: Racks /Experiments Buildup and Pre-Integration 


Principal Elements: Racks /Experiments 


2.0 ACTIVITY DESCRIPTION 

Tills sub task is devoted to the buildup and pre-integration of experiments 
and racks prior to installation on the experiment module structural floor. 
This activity is the beginning of Level III testing and will require 
participation by the cognizant principal Investigator (PI) during this 
period. Some Pl-owned, experiment-unique checkout equipment will probably 
be required. The distinguishing feature of this stage of testing is that 
it will deal with single racks , not necessarily dedicated to a single 
experiment. Several Pi's may be involved in the pre-integration of a 
single rack. The purpose of this pre- integration is to determine minor 
system discrepancies prior to installation when access may be a problem. 
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Sheet 1 of 1 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 2.2 Applicable Concepts: ALL 

Title: Preparation for Installation of Racks /Experiments 


Principal Elements: EM Floor Structure, EM Aft Bulkhead and Aft 

Utility Bridge, Pallet and Racks /Experiments 

2.0 ACTIVITY DESCRIPTION 

This subtask covers the effort required to move/position the experiments/ 
racks support structure, i.e., the experiment module (EM) floor structure 
and aft bulkhead, pallet and utility bridge. Installation of external (GSE) 
lighting, gathering of equipment mounting brackets, racks, and attaching 
hardware and setup of alignment aids (transit /collimator) for experiments 
alignment to pallet. Prior to liflng pallet structure, this task will 
Include proof-testing crane and lifting devices or verification that 
previous proof-test is still valid. 
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Rockwell International 


Sheet 1 of 1 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Nimiber; 2.3 Applicable Concepts: AT.T. 

Title: Install Experiments and Pre-Integrated Racks/Experiments 


Principal Elements: EM Floor Structure, Pallet, EM Aft Bulkhead, Aft 

Utility Bridge and Sacks /Experiments 

2.0 ACTIVITY DESCRIPTION 

This subtask provides for Installation of racks /experiments on experiment 
module (EM) floor structure; Installation and alignment of experiments on 
pallet; and routing of Interconnecting cables and fluid lines up to Inter- 
face connections. Ihe Installation of experiments on the pallet and racks/ 
experiments on the EM floor structure are non- Interfering and will be 
performed In parallel. Most of these Installations probably can be made 
without heavy-duty lifting devices; however, some of the large pallet- 
mounted experiments will likely require an overhead traveling crane 
capability. 
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Sheet 1 of 1 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Nvimber; 2.4 Applicable Concepts: ALL 

Title: Install EM Aft Bulkhead and Aft Utility Bridge 


Principal Elements: EM Floor Structure, Pallet, EM, Aft Bulkhead, 

Aft Utility Bridge and Racks /Experiments 

2.0 ACTIVITY DESCRIPTION 

Following installation of racks and experiments, the experiment module (EM) 
aft bulkhead will be positioned at the aft end of the EM floor and the 
surface/seal protective cover removed. The bulkhead will require a GSE 
support or jury strut to rigidly secure it when not attached to the EM 
shell structure. Once the aft bulkhead is in place, cables/lines can be 
routed between the pallet/EM, through the bulkhead feedthrough and aft 
utility bridge. Connectors (electrical) will not be mated until after 
continuity checks have been made. 
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Sheet 1 of i 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 2.5 Applicable Concepts: AT.t. 

Title: Plugs-Out Continuity Checks and Mate Electrlcal/Fluld 

Connections 

Principal Elements: EM Floor Structure, Pallet, EM Aft Bulkhead, Aft 

Utility Bridge and Backs /Erperlment 

2.0 ACTIVITY DESCRIPTION 

Prior to mating electrical connectors between pallet /es^erlment module (EM) 
experiments and equipment through the aft utility bridge , a pln-to-pln 
continuity check will be required. When proper continuity has been veri- 
fied, all electrical and fluid connections will be made and torqtied to 
design specifications. Ihe aft utility bridge will be rigged to provide 
a non-blndlng routing for electrlcal/fluld cables/llnes between pallet and 
EM. When all fluid connections have been made, preparations for fluid 
lines /connections leak checks can be started. 
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Sheet 1 of ^ 


ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 


Functional Flow Number: 2.6 


Applicable Concepts: ALL 


Title: Leak-Check Fluid Lines and Connections, and Preparations for 

Service Module (SM) Interface Simulator Mate 

Principal Elements: EM Floor Structure, Pallet, EM Aft Bulkhead, 

Aft Utility Bridge and Racks /Experiment 

2.0 ACTIVITY DESCRIPTION 

Following completion of all fluid line connections, a leak check will be 
required prior to servicing of fluid systems. While it is recognized that 
some fluid systems will require special considerations, generally it will 
be sufficient to pressurize or evacate systems to condutt leak checks. For 
positive pressures a low-pressure, inert, dry gas such as nitrogen is 
utilized. For vacuum leak checks, system lines are evacuated iislng a small 
vacuum pump. In either case, trace quantities of helium are then intro- 
duced into the systems and leak rates can be accurately assessed using a 
helium-sensitive mass sprectrometer. 

Servicing of systems will be accomplished during support module interface 
simulator checkout prior to start of Level III e3q>eriment integration tests. 

After leak checks have been made and fluid systems pressure integrity has 
been verified, preparations for mate with the SM Interface simulator will 
begin. The checkout area will be cleaned up by removing all equipment not 
required for the up-coming experiment integration tests. Positioning of 
remaining equipment to accept the SM interface simulator will probably be 
necessary. 
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BLOCK 3.0 CONNECT $•* INTERFACE SIMULATOR 


******* X«*«4r«4i*2*******3****’K**4«4i4>4>***5*4t4>«4i«*6«4>**4>4>4'7 WORKING DAYS 


w 


**4***4I* move/position SM INTERFACE SIM £ SERVICING UNITS IN C/0 AREA 

«*4****« VERIFY SM INTERFACE SM ELEC/MECH CONNECTIONS W/FACILITY INTERFACES 
CONNECT SM INTERFACE SIM € SERVICING UNITS TO FAC. INTERFACES 
***♦ VERIFY SM INTERFACE S1M/RACKS/EXPMT»S INTERFACES 

•• CONNECT SM interface SIM , SERVICING UNITS TO RACKS/EXPMT' S 
INTERFACES 

*♦ PWR UP COOLANT LOOP SER. UNITS AND VERIFY FLD FLOW G CTRL THRU 
SUT«S/R/EXPMT/P 

*• PERFORM BUS ISOL TESTS OF R/EXPMT/P 

*♦ CONDUCT PR6-PWR SW LIST TO VERIFY SW 6 CONTROL SETTINGS 
♦ PWR UP ELEC PORTION OF SM INTERFACE SIM-EXCLUOING IMS 
FUNCTIONS 

♦♦ CONDUCT PWR DISTR TESTS 

♦ verify CAUTION WARNING IND*S-PUSH TO TEST CIRCUIRTY 

* PWR UP IMS PORTION OF SM INTERFACE SIM 
* CONDUCT COMP £ INSTR SELF CK*S 

VERIFY IMS COMMAND/CONTROL 

• VERIFY IMS PEPIF EQUIP IPRINTERSt RECORDERSt . . 

plotters, ETC» 

♦ VERIFY GNO DATA BASE COMP VIA THE GDB ACESS CABLE 

♦ VERIFY RACK/PALLET AUX EOUIP“CTTV, INTERCOM, ETC 
♦ POWER DOWN ELEC/MECH SYS t ALL SERVICING EQUIP 
4*«4>***« CONDUCT EXPMT INTEG READINESS REVIEW fPI 

PARTICIPATION) 
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Space Division 

Rockwell International 


Sheet 1 of 1 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 3.0 Applicable Concepts: ALL 

Title: Connect Support Module (SM) Interface Simulator 


Principal Elements: Pallet, Racks /Experiment , EM Floor Structure and 

Aft Bulkhead, Aft Utility Bridge, SM Interface 
Simulator and Servicing Tkiits 

2.0 ACTIVITY DESCRIPTION 

The support module interface simulator is utilized to provide power, 
control and display, caution and warning, analog/video data, closed-circuit 
television (CCTV) , intercommunications, data bus and experiment processor 
fimctions to the experiment module/pallet combination in the absence of an 
actual support module. 

The activity of this task covers: 

1. Emplacement and connection of the SM interface simulator 
and servicing GSE. 

2. Power-up and checkout of the SM interface simulator and 
servicing equipment. 

3. Support of the Experiments Integration Readiness Review 
with NASA. 
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Sheet 1 of 1 


ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIPICATION 

Functional Flow Number: 3«1 Applicable Concepts: ALL 

Title: Position and Connect SM Interface Simulator and Servicing Units 


- . . . Pallet, Racks /Experiment, EK Floor Structure and 

Principal Elananta: Bulkhead, Aft Utility Bridge, SM Interface 

Simulator and Servicing ttolts 

2.0 ACTIVITY DESCRIPTION 

This sub task Is comprised of the pre*-mate preparations and physical connec- 
tion of the SM Interface simulator and servicing units to the racks /exper- 
Imenta/pallet. The following sequence of events Is necessary to fully 
Implement this sub task. 

. Move/posltlon SM Interface simulator and servicing tmlts 
in the checkout area. 

. Verify SM interface simulator/servicing units facility 
Interfaces . 

. Connect simulator /servicing units to facility. 

. Verify simulator /servicing tmlts to racks /experiments /pallet 
Interfaces . 

. Connect slraulator/servlclng units to racks /experiments /pallet 
Interfaces. 

Emplacement of the SM interface sinailator and servicing units will require 
consideration of the location of facility stub-ups of fluids and power and 
their locations releveant to the test article. Positioning of these units 
will require an overhead crane and lifting slings. 

Verification of the SM Interface simulator and servicing imlts facility 
Interfaces ccmslsts of assuring that connectors mate properly; that power, 
voltages and regulation are satisfactory; and that servicing fluids have 
been verified to be proper and contaminant-free. Connections can be made 
to the facility once these factors have been established. 


Similar assurances are made at the test article Interface, and connections 
are then made to the test article. When all fluid connections are satis- 
factory the test article will be serviced with Freon, water, gases and 
other fluids required for the up-coming tests. 
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Rockwell International 


Sheet 1 of l 


ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 3.2 


Applicable Concepts: ALL 


Title: Power and Check Out SM Interface Simulator 

Pallet, Racks /Exp erlment , EM Floor Structure and 
Principal Elements: Bulkhead, Aft Utility Bridge, SM Interface 

Slmxxlator and Servicing Units 

2.0 ACTIVITY DESCRIPTION 

After all connections with support equipment have been made, the SM inter- 
face simulator will be checked out prior to starting the experiment 
integration tests. This subtask deals with that activity and Includes the 
following; 

. Power up coolant loops and verify flows and controls . 

. Perform bus isolation tests prior to power-up of racks/ 
experiments/pallets. 

. Conduct pre-power switch list verification of switch and 
control settings. 

. Power up SM interface simulator, excluding computer functions. 

. Conduct power distribution checks. 

. Verify caution /warning functions. 

. Power up SM interface simulator computer functions. 

. Conduct computer /instrumentation self-checks. 

. Verify cOTiputer conmand/control. 

. Verify computer peripheral equipment operation — printers , 
recorders, plotters, etc. 

. Verify compatibility with ground data base (GDB) via 
GDB umbilical. 

. Verify racks /experiments auxiliary equipment performance — 

CCTV, intercom, etc. 

. Power down all electrical/mechanical systems and GSE. 
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Sheet 1 of 1 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATIOM 

Functional Flow Number: Applicable Concepts: ALL 

Title: E3q>erlinent8 Integration Readiness Review 


Pallet, Racks /Experiment, EM Floor Structure and 
Principal Elements: ^ft Bulkhead, Aft TltlUty Bridge, SM Interface 

Simulator and Sei^clng Units 

2.0 ACTIVITY DESCRIPTION 

FollcKflng the SM interface simulator and supporting 6SE checkout, an 
Experiment Integration Readiness Review Is required. Ihe purpose of this 
review Is to obtain formal NASA approval to start the experiment Integra- 
tion tests. All data and documentation -developed (data pack) up to this 
stage of testing that are relevant to experiment Integration will be 
reviewed. Such data will consist of all open Items, test anomalies, dis- 
crepancies, shortages, etc., which must be reviewed by a board composed of 
contractor and NASA personnel. Including principal Investigators (Pi's). 
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PL3CK 4.0 EXPERIMfA'T iNTEGPATrON 


*^^Hil1^0^^,l^2****li****^****5****b****^****B WORKING WEEKS 

♦ TEST TEAM CALL TO STATIONS FOR EXPERIMENT INTEGRATION TESTS 

♦ RACKS/EXPMT* S-SM INTERFACE SIMULATOR SET SW LIST VERIFICATION 

♦ POWER UP RACKS/EXPMT* s L SM INTERFACE SIM SET/SUPPORT GSE 
*4t*#****4i4c;^4<* CONDUCT INDIVIDUAL EXPERIMENTS C/0 RY DISCIPLINE 

CONDUCT EXPMT'S INTEGRATED SYSTEMS TESTS 
4t4c4c4>4>4<*4< CONDUCT EMC/RFI TESTS C ANALYSIS 
♦ POWER DOWN 
♦♦ DATA REVIEW 
* WORK DISCREPANT ITEMS 
* SYSTEM RETEST 
» NASA acceptance REVIEW 
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Rockwell International 


Sheet 1 of 1 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 4.0 Applicable Concepts: ALL 

Title: Experiment Integration 


Principal Elements: Pallet, Racks, Experiments, EM Floor Structure, 

EM Aft Bulkhead, Aft Utility Bridge, SM Interface 
Simulator and Servicing Units 

2.0 ACTIVITY DESCRIPTION 

Upon receipt of formal approval to proceed (from NASA), th.e experiment 
Integration tests (Level III) will begin with test team call to stations. 
All personnel Involved In the Integration tests will report to their test 
station and verify readiness to support testing to the test conductor on 
the test communications network. 

After test team report-ln is complete, a switch list verification will be 
conducted on the test network intercom to verify switch positions and 
control settings of the test article and all GSE supporting the test. 

Satisfactory conpletion of the switch list verification Is followed by 
power-up of SM interface simulator, servicing units, test article and other 
required support equipment. Individual dnd Integrated experiments tests 
will be conducted, including EMC/RFI tests. 

Crew training can be augmented by conducting abbreviated mission simula- 
tions in parallel with the Integrated experiments checkout. This effort 
should, naturally, involve the flight personnel expected to operate the 
experiment equipment on the up-comlng mission. 

Following power-down from the experiment Integration tests, a brief data 
review will be held, discrepancies Identified, dlsposltloned, worked, and 
re-tested prior to final NASA acceptance review. 
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Space Division 

Rockwell Internationai 


Sheet 1 of 1 


ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATIOI 

Functional Flow Number: ^*1 


Applicable Concepts: ALL 


Title: Individual Erperiment Checkont by Discipline 


Principal Elements : 


Pallet, Backs, Experiments , EM Floor Structure, 
EM Aft Bulkhead, Aft Utility Bridge, SM Interface 
Simulator and Servicing Units 


ACTIVITY DESCRIPTION 


The experiaient integration tests will be initiated by conducting individual 
experiment checkout by discipline. A typical payload was assumed in the 
formation of the test timelines, and the disciplines considered were: 

. Navigation 

Earth Observation 

Environmental Effects 

. Coniponents and Systems 

. Microbiology 

. Physics and Chemistry 

If the conflguratlcm of the experiments are such that it is feasible to 
perform all the Navigation Experiments checkout, for Instance, before 
performing Environmental Effects, then testing will be performed in this 
manner. The order of testing by discipline will be planned to maximize 
parallel activity. Several experiments may comprise a discipline with 
tests of the various experiments occurring individually. Testing in this 
way tends to Increase efficiency since a single principal investigator (PI) 
or designee, familiar with all experiments in a given discipline, could 
act as an observer/consultant. 

The individual experiment checkout will be concluded when the test 
conductor coordinating the tests has verified that all procedural require- 
ments have been met. 
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R<x:kvvell International 


SheeV 1 of 1 


ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; ^*2 Applicable Concepts: ALl 

Title: Experiments Integrated Systems, EMC/KFI Tests 


Pallet, Packs, Experiments, EM Floor Structure, 
Principal Elements: gM Aft Bulkhead, Aft Utility Bridge, SM Interface 

Simulator and Servicing Units 

2.0 ACTIVITY DESCRIPTION 

Following completion of the individual experiment checkout by discipline. 
Integrated experiment checkout will be started. During this stage of 
testing, experiments that would normally function together during the 
mission will be evaluated for interaction and interferences between sys- 
tems. Electromagnetic compatibility CEMC) and radio frequency Interference 
(RFl) testing will be systematically performed during experiment checkout. 
Simulated missions, \islng an abbreviated mission flight plan, is an 
effective method for augmenting crew training without detracting from the 
experiment integration tests. Flight crew personnel will be utilized for 
those tests where checkout can be feasibly combined with training. 

Experiment integration tests will verify the deployment/operation of booms, 
antennas, solar arrays, etc., including those that may require special 
one^g support structure for their deployment. Once these systems have been 
verified, however, subsequent operations at other sites will not be 
attempted unless there is evidence that their ftmctional behavior has 
changed. 

The experiment integration tests will end when the test conductor coordin- 
ating the tests hsis verified that all procedural requirements have been met. 
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Sheet 1 of 1 


ACTIVITY DATA SHEET 


1. 0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 4.3 Applicable Concepts: AT.T. 

Title: Data Bevlew, Discrepancy Rework and System Re-Test 


Princioal Elements- Pallet, Racks, Experiments, EM Floor Structure, 
rrinc pai erements. ^ Bulkhead, Aft Utility Bridge, SM Interface 


Simulator and Servicing Units 


2.0 ACTIVITY DESCRIPTION 


All data gathered during the lndlAd.dual and experiment Integration tests 
will be reviewed by a joint board of NASA and contractor personnel. The 
purpose of this review Is to determine the extent to which speclflcatlcms 
and procedural requirements have been met by comparing them against records 
of system performance. Discrepancies will be evaluated, fixes will be 
outlined and re-test requirements established. Satisfactory ccmpletlon 
re-test requirements is necessary prior to NASA acceptance review of 
the experiment Integration. 
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Sheet 1 of 1 


ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 


Functional Flow Nximber: 4.4 
Title: Acceptance Review 


Applicable Concepts: ALL 


Principal Elements 


2.0 ACTIVITY DESCRIPTION 


Pallet, Racks, Experiments, EM Floor Structure, 

EM Aft Bulkhead, AFT Dtility Bridge, SM Interface 
Simulator and Servicing Units 


A formal acceptance review follows the completion of the experiment 
integration (Level III) tests. All documentation developed to this stage 
of testing will be the subject of this review. NASA, assisted by 
contractor personnel, will determine the extent to which Level III testing 
has been satisfied. Formal approval to begin Spacelab integration tests 
(Level II) is the output goal of this review. The ln5)ortance of the 
review is emphasized by the fact that for Concepts II, III and IV, approval 
constitutes authorization to ship the racks /experiments-pallet configur- 
ation to the launch site. 




SD 74-SA-0156 


BLOCK 5.0 GSE DISCONNECT 

WORKING DAYS 

** DISCONNECT SM SIMULATOR SET FROM RACKS/EXPERIMENTS 
•*** DISCONNECT REMAINING GSE, SERVICING UNITS, ETC 

*4c*««*** POST TEST CLEAN UP t CLEAR EXPERIMENT C/0 AREA 
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Sheet 1 of 1 


ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATICW 

Functional Flow Number: 5.0 


Title: GSE Disconnect 


Applicable Concepts: ALL 


Prlncloal Elements* Experiments, EM Floor Structure, 

rrxncipai Elements. Bulkhead, AFT DtlUty Bridge, SM Interface 

Simulator and Servicing Dhlts 

2.0 ACTIVITY DESCRIPTION 

In parallel with the acceptance review, the support module Interface simu- 
lator and other supporting equipment will be disconnected. Post-test 
cleanup and clearing the experiment chedcout work area Is the major 
activity of this task. Removal of personnel access stands, special 
lighting, and small laboratory-type test equipment Is part of this effort. 
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PLDCK 6.0 PACKS/PALLET SHIPMENT 


4M^4c*4c**l***4'*4t*24=4>4>***>^ 3*** *♦ ♦♦^♦♦***** 5 ♦*7***#* ♦♦ 0 FORKING DAYS 

♦* MOVE RACKS/PALLET TO SHIPMENT AREA 

**♦* RETOUCH THERMAL PAINT ON EXTERNAL SURFACES 
*** CONNECT lifting DEVICES TO RACK/PALLET 

LOAD RACKS/PALLET IN SHIPPING CONTAINER, SECURE £ REMOVE LIFTING DEVICES 
♦* INSTALL SHIP CNTR PORTABLE PRESSURIZATION UNIT £ ACTIVATE 
** MOVE SHIP CNTR TO AIR CARRIER LOADING SITE 
*♦ LOAD SHIP CNTR ON AIR CARRIER 

RACKS/PALLET ENROUTE TO LAUNCH SITE 
* RACKS/PALLET ARRIVAL AT LAUNCH SITE 

OFFLOAD SHIP CNTR £ XPOPT TO SL INTEGRATION AREA 
REMOVE SHIP CNTR COVER £ PRESS UNIT 
♦♦♦♦ CONNECT LIFTING DEVICES £ REMOVE 
RACKS/PALLET 

*♦ MOVE R/P INTO MATING STAND £ REMOVE 
LIFTING DEVICES 

INSTALL PROTECTIVE COVERS/PADS 
remove INSP PANELSZCOVERS £ 
CONDUCT R/I 


o 

D 
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Sheet 1 of 1 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 6*0 Applicable Concepts: ALL 

Title; Racks/Pallet Shipment 


Principal Elements: Pallet, Racks /Experiment, EM Floor Structure, 

EM Aft Bulkhead and Aft Utility Bridge 

2.0 ACTIVITY DESCRIPTION 

The racks /experiments /pallet shipment follows disconnect of the SM inter- 
face simulator and other GSE for certain concepts. The activity comprising 
this task is as follows. 

. Racks /experlments/pallet shipment preparations 
Off-load and conduct receiving/inspection 

The shipment approach to be utilized assumes a piggyback transport of the 
racks /experiments /pallet loaded in an aerodynamic canister aboard a 
Boeing 747 aircraft. It is further assumed that the structure required 
to load the canister atop the 747 is supplied as GFE, and this structure 
is always carried in a disassembled condition aboard the aircraft. In 
addition, the mobile crane utilized as the prime mover in the loading 
operation is similarly presumed to be supplied as GFE. 
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Sheet 1 of 1 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: Applicable Concepts: ALL 

Title: Racks /Experiments /Pallet Shipment Preparations 


Principal Elements: Pallet, Racks /Experiment, EM Floor Structure, 

EM Aft Bulkhead and Aft Utility Bridge 

2.0 ACTIVITY DESCRIPTION 

This sub task covers the shipment preparations of the racks /experiments/ 
pallet. It starts with the movement of the racks/experlments/pallet to 
the shipment preparation area where the xmlt is cleaned and vacuumed to 
remove dirt and debris accumulated during test. Closeout inspection and 
access covers /panels are installed and all external surfaces of the racks/ 
experiments /pallet , exposed to solar radiation, requiring application of 
thermal protective coatings, id.ll be painted. Llflng devices (slings/ 
hoists) are then connected in preparation for loading the racks /experiments/ 
pallet into the shipping canister. Verification of proof-load certification 
of all lifting devices is necessary prior to proceeding with lifting oper- 
ations. 

After the racks /experiments /pallet have been loaded in the shipping con- 
tainer, secured, and lifting devices removed, the canister portable 
pressurization unit and aerodynamic fairings are Installed. The pressuri- 
zation unit is activated and the canister is placed on its transporter 
for move to the air carrier loading site. Assembly of the loading structure 
for the canister (normally available at the loading site) will have been 
completed, and a prime mover (mobile crane) will be standing by to load 
the canister. 

The loading operation will consist of placing and securing the canister, 
piggyback, atop the 747 aircraft; the loading structure will be dlsasseodiled 
and placed aboard the aircraft for subsequent unloading operations at the 
launch site. The enroute time for the transfer is arbitrarily chosen as 
two days to account for adverse weather and other factors affecting air 
transport. 
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ACTIVITY DATA SHEET 


Sheet 1 of 1 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 6.2 Applicable Concepts: ALL 

Title: Backs /Experiments /Pallet Off-Load and Conduct Receiving/ 
Inspection (R/I) 

Principal Elements: Pallet, Racks /Experiment , EM Floor Structure, 

EM Aft Bulkhead and Aft Utility Bridge 

2.0 ACTIVITY DESCRIPTION 

Upon arrival at the launch site, the shipping canister will be off-loaded 
from the Boeing 747 aircraft and transported to the Spacelab Integration 
area. The shipping container cover and pressurization imit are removed 
and lifting devices attached to the racks /experiments /pallet. The unit 
Is removed from the canister and Installed In a work stand. Lifting 
devices are removed and equipment/experiments protective covers /pads are 
Installed. 


A procedural receiving/inspection (R/I) will be performed after all 
Inspection panels/covers have been removed. A status review of all 
documentation will be performed to verify the validity of the "data pack" 
accompanying the racks /experiments /pallet. 

New test and Inspection records (TAIR books) will be prepared at the 
launch site as an expediency for consolidation of documentation. A 
xmlversal format for documentation between the varlovis NASA centers would 
tend to obviate the necessity for Initiating new accounting systems at 
each site. 


D-30 


SD 74-SA-0156 




D-31 SD 74-SA-0156 


BLOCK 7.0 mate P ACKS/PALLET-EM/SM SHELLS 


i^^t^m^miHl**^>*4‘**2*******3****’^**^ WORKING DAYS 

move EM/SM SHELLS to SL INTEGRATION AREA 
** VERIFY mating SURFACES-EM AFT BLKHO TO EM SHELLS OK TQ MATE 

inspect/verify ELEC/MECH connections for MATE READINESS 
♦♦♦* INSTALL ALIGNMENT SET(GSE) 

♦♦ ALIGN EM AFT BLKHD L SHELL INTERFACES 

♦♦♦ MATE RACKS/PALLET/AFT BLKHD TQ EM/SM SHELLS 6 SECURE 
* VERIFY ELEC BONDING (GROUND) AT SM/EM/P I/F»S 
**** CONNECT ELEC/MECH INTERFACES 

* INSTALL COND AIR SUPPLY ADP'T G DUCT SET TO SL 

* CONNECT COND AIR SUPPLY FROM GND COOLING CART 

* install GSE interior LIGHTING SET 


I 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 


Functional Flow Nisnber: 


7.0 


i^pllcable Concepts: ALL 


Title: Mate Racks/Experiments/Pallet-EM/SM Shells 


Principal Elements : Racks /Palle t— 01/ SM Shells 


2.0 ACTIVITY DESCRIPTION 

This task is directed toward the assembly of the Spacelab elements into 
the final flight configuration in order to accomplish the Level II 
Spacelab integration tests. 

The major functional operations to be considered are as follows. 

. Movement of Spacelab elements to the Spacelab integration 
area for assembly. 

. Preparations for mate of racks /pallet with EM/SM shells. 

. Mate of racks /pallet-0I/SM shells and verifying electrical 
bond across I/F. 

. Connect and verify electrical/mechanical connectors. 

. Install GSE. 

The EM/SM shells will already have been refurbished from the previous 
flight at this point in the Spacelab flow (except all fluid systems are 
in a dry, unserviced condition). 

A means must be provided to verify the structural attach points at the 
Spacelab /Orbiter Interface. Consideration of this factor in the design 
of the Spacelab element mating works tand would afford the most convenient 
way of accomplishing this verification. 
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BLOCK 0.0 SPACELA0 INTEGRATION 


WORKING DAYS 


♦♦♦♦ CONNECT GSEISERV UNITS, OPBITER I/F SIM £ OTHER SUPPORT GSE) 

♦♦ SERVICE £ VERIFY COOLANT FLOW THROUGH GSE, FLO LINES, £ COLDPLATES 
♦ PERFORM BUS ISOLATION TFSTS 

♦ CONDUCT PPE-PWR SW LIST CK TO VERIFY SW £ CONTROL SETTINGS 

• PWR UP ELECT £ FLUID SYSTEMS 

• CONDUCT PWR DISTRIBUTION CHECKS 

* VERIFY CAUTION £ WARNING SYS OPERATION -SENSORS £ DISPLAYS 

* POWER UP SUPPORT MODULE IMS 

* CONDUCT COMPUTER SELF CHECKS 

** VERIFY SM IMS command/control 

♦ CHECKOUT EM-IMS PERIPH EQUIP - PRINTERS, RECORDERS, ETC 

♦ C/0 AUX EQUIP- CTTV, I /C , LIGHTING, ETC. 

♦ CHECK SIG DISTR VIA SM-ORBITER UMBILICAL 

♦ verify GNO data base COMPATABILITY via the GOB UMB 

CONDUCT FUNCT C/O 0= SUPPORT SYS/EXPMT EQUIP I/F'S 
* PWR OWN SL £ SUPPORT EQUIP 

data review 

DISCONNECT GSE 

♦*♦♦♦ LOAD NON-HAZAROOUS SUPPLIES £ CREW EQUIP 
♦♦ CLOSEOUT SL PANELS, HATCHES £ ACCESS PANELS 
RETOUCH SL EXTERIOR KITH THERMAL PAINT 
**♦ CONDUCT EMISSIVITY TESTS 

♦♦ PREPS FOR SL PRESS DECAY LK CHECK 

CONDUCT SL LK CK(24HR PRESS DECAY-16HRS ON 2£3RD 
SHIFT 

♦ DEPRESSURIZE SL £ REMOVE GSE 
♦♦♦* CONDUCT WEIGHT £ BALANCE TEST 
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ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 8.0 Applicable Concepts: ALL 

Title: Spacelab Integration 


Principal Elements: Racks /Pallet /Experiments /EM and SM 
2.0 ACTIVITY DESCRIPTION 

Spacelab Integration (or Level II testing) Is the major concern of this 
task. Following completion of the assembly of the Spacelab elements Into 
the final flight configuration, the Spacelab Integration tests will be 
performed in accordance with the following subtask sequence. 

. GSE Installation and checkout 

. Pre-power checks and Spacelab functional checkout 
. Data review 

. Disconnect GSE and load non-hazardous supplies and 
crew equipment 

. Apply thermal paint, conduct emlsslvlty tests, and 
Spacelab leak checks 

. Conduct Spacelab weight and balance 

Depending upon the selected concept, the Spacelab will be prepared either 
for shipment to the launch site or movement from the MSOB to the OPF upon 
completion of the Level II tests. 
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ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 8.1 Applicable Concepts: ALL 

Title: GSE Installation and Checkout 


Principal Elements: Racks /Pallet /Experiments /EM and SM 
2.0 ACTIVITY DESCRIPTION 

This subtask Is directed toward the Installation and checkout of the fluid 
servicing units, Orblter Interface simulator and other support equipment. 

Servicing of the coolant loops with Freon and water, and gas systems to 
pressures £ 25-percent design burst pressure, are the Initial steps of 
this subtask. Coolant and conditioned air flow rates and pressures will 
be monitored to assure capability to maintain Spacelab equipment tempera- 
tures In tolerance. 

The Orblter interface simulator will be checked to verify that its inputs 
to the Spacelab are representative of the actual Orblter. The specific 
Items to be evaluated are: 

. Fuel cell/power distribution simulation 
. Orbital signal simulation 

. Orblter payload specialist station (PSS) equipment 
. Itoblical Interfaces 
. Computer and peripheral equipment 
. Re cording /timing unit 
• Operator console 

Verification of the fimctional performance of all GSE to be utilized during 
test is necessary prior to start of actual Spacelab integration. 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 8.2 Applicable Concepts: ALL 

Title: Pre-Power Checks and Spacelab Functional Checkout 


Principal Elements: Racks /Pallet/Experlments/EM and SM 
2.0 ACTIVITY DESCRIPTION 

The pre-power checks and Spacelab (SL) functional checkout begin after the 
GSE has been certified to be ready to support testing. 

The effort of this subtask consists of the following; 

1. Perform bus Isolation tests to verify that all loads are 
removed from SL bus to ascertain the effect of systematic 
loading during teat, l.e. , current verstw load tests. 

2. Conduct a pre-power switch list to ensure that there are no 
spurious or unknown loads applied to the SL bus at the start 
of testing and to verify control/switch positions are proper 
upon application of SL pcwer. 

3. Upon completion of bus Isolation and switch list verification, 

SL power-up of electrical and fluid systems will occur. Bus 
voltages/current and coolant flow will be carefully monitored 
during power-up. 

Q 

4. Power distribution checks will be conducted to verify con- 
tinuity and functional operation of each circuit , and that 
all talk-backs (Indicators) are consistent with the performed 
operation. 

5. The SL cautlon/wamlng (C/W) system operations will be 
verified to be functional prior to start of system testing. 
Push-to-test C/W circuits, resets and talk-backs will be 
checked. All sensors and displays must be working properly 
before system testing can begin. 
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ACTIVITY DATA SHEET Sheet 2 of 2 

-2.0 ACTIVITY DESCRIPTION (CONT) Flow Number: 8.2 

6. Computer systems will he the first to be activated. Since 
the computer is fundamental to the command and control of 
other SL systems, it is necessary to verify computer per- 
formance through a computer self-check routine. When it is 
known that computer operation is proper, command and control 
tests will occur to verify performance of the information 
management system (IMS). These tests will be conducted by 

a special computer program routine to verify command and 
response functions prior to subjecting systems to actual 
control by the IMS. These latter tests can be considered 
as procedural verification checks. Computer peripheral 
equipment, line printers, recorders, etc., are to be eval- 
uated as an adjunct to the computer teats. 

7. SL auxiliary equi.pment such as closed circuit TV (CCTV), 
intercom and SL interior lighting are factors involving 
crsw habitability which will require flight ct&t participa- 
tion for proper evaluation. 

8. SL signal distribution and ground data base (GDB) compatibility 
via the Spacelab/Orbiter and CDS access mbilicals are part of 
the SL integration effort. 

9. The final activity of this subtask is the SL functional 
checkout of support systems and experiment equipment inter- 
faces. Control and command of SL functions are to be 
accomplished via the IMS system as the primary mode. Flight 
crew emergency backup modes are to be evaluated If feasible. 
Experiment equipment Interfaces only are to be evalxiated 
during SL Integration, i.e. , experiment operations and func- 
tions were assessed during the experiment integration tests 
and will not be repeated. Following conq)letlon of SL 
functional tests, the SL and GSE are powered-down for a 
review of accumulated data. 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATICM 

Functional Flow Number: 8.3 


Title; Data Bevlew 


Applicable Concepts : ALL 


Principal Elements: Racks/Pallet/Experlments/EM and SM 


2.0 ACTIVITY DESCRIPTION 

A data review of Spacelab integration test data will be accomplished with 
participation by NASA and contractor personnel. All. re corded data from 
tapes, charts, annotated procedures, etc., will be examined prior to 
approval for test tear— down. A formal review of one day (as shown in the 
test flows) assumes that some reduction and tabulation of data have been 
occurring throughout the progress of the Spacelab integration tests. 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 
Functional Flow Number; 


Applicable Concepts: ALL 


Title: Disconnect GSE and Load Non-Hazardous Supplies and 
Crew Equipment 

Principal Elements: Racks/Pallet /Experiments /EM and SM 

2.0 ACTIVITY DESCRIPTION 

Following approval of Spacelab integration test data results, GSE will be 
disconnected and non-hazardous supplies and crew equipment shall be loaded. 
Examples of non-hazardous supplies and crew equipment might be low-pressure 
gases and crew peronal equipment. Radioactive sources, pyrotechnic 
devices and high-pressure gases are examples of hazardous items that must 
be loaded at the launch pad. 

After loading is C 0 D^>leted, panels, hatches and access doors are installed 
and the Spacelab is closed out. If it is necessary to perform a crew 
compartment fit and functional (C^F ^) , it will be performed during this 
subtask. 
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ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 8.5 Applicable Concepts: ALL 

Emlsslvlty Tests and Spacelab Leak Check 


Principal Elements: Racks/Pallet/Esperlments/EM and SM 


2.0 ACTIVITY DESCRIPTION 

Following closeout of the Spacelab CSL) the surfaces exposed to solar 
radiation in space may require application or touchup with thermal paint. 
Emlsslvlty tests are then conducted to verify specification requirements 
of the ratio of solar absorption to emlsslvlty («»‘/6). 

In parallel with the emlsslvlty tests, preparations for a SL pressure 
decay leak check will occur. This latter activity includes connecting the 
SL to a gaseous fluid distribution system for pressurization with an Inert 
gas such as nitrogen (N 2 ). 

The SL hatch will need to be closed out with a GSE hatch cover and seal 
capable of withstand a delta-P of TBD psi. 

The SL will be pressurized and Interior pressure and temperature monitored 
for a 24-hour period to observe any variation in interior pressure which, 
when corrected for temperature effects, provides an Indication of SL leak 
rate. 

After satisfactory completion of leak rate checks, the SL will be 
depressurized and the pressurization test setup will be disconnected. 
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BLOCK 9.0 SPACEL4B SHIPMENT TO LAUNCH SITE 


*ii**^^HflJttnf^**lf^2*******3*******^*******5 WORKING DAYS 

♦ VERIFY lifting devices HAVE CURRENT PROOF LOAD 
*** CONNECT LIFTING DEVICES 

LOAD SL INTO SHIPPING CONTAINER S SECURE 
♦* CONNECT SHIP CNTP SLING/HOIST C LOAD SL/CNTR ON XPORTER 
*♦ INSTALL SL PORTABLE PRESS UNIT t ACTIVATE 
** MOVE SL TO AIR CARRIER LOADING AREA 
* LOAD SL ON AIR CARRIER E SHIP 
4t*4>4>4>*«4>*4:«*4'4<*« SPACELAB ENROUTE TO LAUNCH SITE 

* SL ARRIVAL AT LS 
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Sheet 1 of 2 

ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 9.0 Applicable Concepts: I and V 

"^Itle: Spacelab Shipment to Launch Site 


Principal Elements : Spacelab (SL) 

2.0 ACTIVITY DESCRIPTION 

This activity Includes the preparations of the SL for shipment to the 
launch site (LS) , the actual air shipment, and concludes with the arrival 
of the SL. 

Prior to the Initiation of this block, the following conditions have been 
successfully completed. 

1. All major hardware elemtns [support module (SM) , experiment 
modtile (EM) and pallet (P)] have been refurbished, recon- 
figured, and checked out. 

2. Experiments, racks and associated equipment have been 
Installed, aligned and functionally checked out. 

3. Experiment Integration (III) testing and checkout are 
completed. 

4. Spacelab Integration (IIX has been completed. 

All of the checks and tests that can be completed with an Orblter Inferface 
simulator have been completed and reviewed, with results approved. The 
successful completion of the above four steps results In an Integrated 
SL ready for shipment to the launch site where, following a brief receiving 
Inspection, the SL' will undergo Orblter cargo Integration (I) to establish 
the readiness of the payload for the mission. The six principal activi- 
ties associated with preparations for, and shipment of, the SL are: 

1. Verification of the current proof-load status of the GSE 
lifting devices that will be used for SL loading. This 
operation Is necessary to ensure that any overhead cranes, 
slings, or hoists that lift the Spacelab have been accur- 
ately rated and are fully capable of handling the SL. 
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R<x:kwell International 


ACTIVITY DATA SHEET 

2.0 ACTIVITY DESCRIPTION (CONT) 


Sheet 2 of 2 


Flow Number: 9.0 


2. Connect the lifting devices to the SL. This second operation 
involves the connecting of the sllng/holst to the SL hydraset 
and traveling overhead crane. 

3. Once this connection has been completed, the SL will be 
loaded Into the canister and secured to avoid damage during 
movement/shipment . 

4. The canister will then be connected to the sllng/hoist and 
loaded on the transporter. The canister must also be tied 
down to avoid damage. 

5. After the canister has been loaded on the transporter and 
closed out, the portable pressurization until will be 
installed and activated to maintain a positive pressure on 
the SM and EM. Throughout all of the installation, testing, 
checkout and integration periods the SL and its experiments 
have been kept in a cleanroom environment (100,000 class). 

Use of the pressurization unit will ensure that the SL 
remains free of particulate contamination during shipment. 

6. The SL is now ready to be moved by tractor or truck to the 
airstrip where it will be; loaded aboard the Boeing 747. 

The canister will be instrunsnted (temperatures, pressures, 
vibration, shock, etc.), and these measurements recorded on 
a trip log at the end of the flight. Analysis of the data 
recorded by these devices will be made as part of the SL 
receiving/inspection . 
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BLOCK 10.0 SPACELAB OFFLOAD 


ik******l*******2*******3*******^ WORKING DAYS 

* SPACELAB ARRIVAL AT LS 

«*** OFFLOAD SL £ XPOPT TO MSOB 

4t4>** rfmOVE ship cntr cover e press unit 

♦♦♦* CONNECT LIFTING DEVICES £ REMOVE SL 

move SL INTO WORK DOLLY £ REMOVE LIFTING DEVICES 

REMOVE SM(GSE) HATCH/SEALt INSTALL PROTECTIVE CVR«S/PAOSt COND 
AIP/GSE LIGHTS 

REMOVE INSP PANELS/COVERS £ CONDUCT R/I 
REINSTALL PANEL S /COVERS 


4 » 
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Sheet 1 of 1 


ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 10.0 Applicable Concepts: I and V 

Title: Spacelab Off-Load 


Principal Elements: Spacelab (SL) 


2.0 ACTIVITY DESCRIPTION 

The SL will be shipped to the launch site (LS) by air. The canister con- 
taining the SL will be extracted from the Boeing 747 and placed (by GSE 
located at the LS) on the transporter for subsequent shipment to the LS. 

A tractor or truck will move the transporter from landing site to the MSOB. 
Once In the MSOB, the portable pressurization unit will be disconnected and 
removed and the SL lifted out of the shipping container. The lifting of 
the SL will be a careftilly supervised operation. It is of utmost importance 
that the slings and hoists are securely connected to the SL. Once extractec 
from the canister, the SL will be moved Into Its work dolly and secured, 
and the lifting devices removed. Access to the SL will be reestablished by 
removal of the SM (GSE) hatch/seal. Crewmen will Install the protective 
pads and covers to ensure that equipment will not be disturbed or damaged 
by workmen operating in the interior of the SL. 

Also, to facilitate the efforts of the T&O technicians and the crew, con- 
ditioned air and GSE portable lighting will be Installed in the Interior 
of the SL. After the SL has been prepared for work crews , the inspection 
panels and covers will be removed and a receiving inspection (R/I) will be 
performed. Ihis R/I will be a review of the monitoring devices that 
establish the environment that the SL went through during its shipment 
to the LS. 

Once the R/I has been completed and the results found to be satisfactory, 
the Inspection panels /covers will be reinstalled and the SL is now ready 
for Its final checks leading to the reference mission. 
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BLOCK ll.O OPBITER CftRGO INTEGRATION 


WORKING DAYS 


? 

4 :* 

o^ 


8 HOUR WORK DAY 

*♦* CONNECT SL lifting DEVICE & LOAD SL IN SHIP CNTR/DISCONNECT SL LIFT DEVICES 
♦* CONNECT SHIP CNTP LIFT SLING/HOIST £ LOAD SL/CNTR ON XPORTER 
MOVE SL TO ORBITER PROCESSING FACILITY (OPP) 

offload SL IN OPF SL/ORBITER LOAD PREP AREA 
*♦ REMOVE SLING/HOIST 

♦* REM SL FR ship CNTR, 3SE HATCH/SEAL-INSTL H/SEAL PROT CVR-CNCT A/C 6 GSE 
LGTS 

** CK SL/ORBlTER I /F CONNECTIONS- ELEC/MECH 
-«*** SERVICE SL WITH NON-HAZ FLUIDS C LOW PRESS GAS 
INSTALL FLT BATTERIES C CHARGERS 
**♦*♦**♦*♦* INSTALL SL RELATED EQUIP IN ORB CREW COMPARTMENT 

♦ VERIFY ORB READINESS TO ACCEPT SL 

* REM HATCH SEAL PROT CVR -A/C S GSE LGT'S 


*♦ CONNECT lifting SLING/HOIST 
***4c4c4>*4t«4i4e4t4> 16 HOUR WORK DAY 

** INSTALL SL IN ORBITER C SECURE 
* REM LIFTING SLING/HOIST 
* ORB/SL I/F VERIFIPLUGS OUT CONT-CNCT CABLES/FLO 
LINES/UMB'S £ TUNNEL) 

4>«4t*** CONDUCT ORB INTEG TEST (OIT) WITH SL 
♦ EMC/RFI TEST W/SL/ORB SYS OPERATING 
♦ INSTALL/CNCT ORD NOT ACCESSIBLE AT PAD 
♦♦ CONDUCT ABBREV SL LK CK OF TUNNEL £ HATCH £ FINAL 
SL CLOSEOUT 

♦♦ SL DATA REVIEW £ SL FINAL FLT APPROVAL 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 11*0 Applicable Concepts: ALL 

Title; Orblter Cargo Integration 


Principal Elements: Spacelab/Orblter/Tunnel 


2.0 ACTIVITY DESCRIPTION 

Orblter cargo Integration (Level I tests) relates to the activity required 
to move. Install, check out and final close out of the Spacelab (SL) In 
the Orblter cargo bay; specifically, the subtask Items are as follows. 

. Preparations and movement of the SL to the Orblter Processing 
Facility (OPF). 

. Preparations and Installation of Spacelab In Orblter. 

. Orblter Integrated test (OIT) , electromagnetic compatibility 
(EMC) and radio frequency Interference (RFI) tests. 

. SL final closeout. 

. Data review and final flight approval. 

A common timeline for the Orblter/Spacelab processing flows occurs approx- 
imately three days after the start of Orblter cargo Integration. From 
this stage In the SL flows, through latmch, mission and Orblter landing, 
the Orblter processing flow Is the driving Influence on SL timelines. 

This time span represents the only Interval In the SL processing flows In 
which a two-shift 8-hour/shlft work period Is considered; all other times 
are based on an 8-hour/shlft, single-shift /day. The Spacelab/Orblter 
cargo Integration flow Is consistent with the Shuttle Tumaroiind Allocation 
Flow (dated April 23, 197 A) as shown In Revision 1 of Shuttle System Ground 
Operations Plan (K-SM-09) , dated May 31, 1974. 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 11.1 J^pllcable Concepts: ALL 

Title: Preparations and Moving Spacelab (SL) to OFF 


Principal Elements : Spacelab/Orblter/Tunnel 


2.0 ACTIVITY DESCRIPTION 

This sub task begins with, connecting the lifting devices to the SL, 
followed by loading operations Into the SL shipping canister, and dis- 
connection of lifting devices. Lifting devices are then connected to the 
canister for loading on transporter. A blanket pressure (GN 2 } might be 
placed Inside the can Is ter to preclude entry of contaminated air during 
the move from the MSOB to the OPF. Some SL/experlment configurations may 
have unique cooling requirements ; so for these configurations , special 
cooling systems may be necessary as part of the canister design. It Is 
clear that one would not have a canister blanket pressure simultaneously 
with an alr-conditloned canister Interior; consequently, the SL/experlment 
configuration Is fundamental to the choice of method. The point of this 
discussion Is to eiq>haslze that the move preparations are dependent upon 
SL/experlment configuration and therefore cannot be completely defined. 

The actual move of the SL to the OPF from the MSOB requires about two hours 
because of very low transport speeds ( < 5 mph) necessary to mitigate 
road shock. 

At the OPF, the SL Is removed from the canister, after off-load from the 
transporter, and placed in a suitable SL/Orblter load preparation work 
stand. The GSE hatch cover and seal are removed from the SM hatch, and a 
hatch surface/seal protective cover is installed. Conditioned air and GSE 
lighting are Installed and access stands set up to facilitate SL pre- 
loading operations . 
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ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 11.2 Applicable Concepts: ALL 

Title: Preparations and Installation of Spacelab (SL) 


Principal Elements : Spacelab/Orbiter/Tunnel 


2.0 ACTIVITY DESCRIPTION 

After the SL has been emplaced in its workstand, and access provisions 
made, the electrical and mechanical Spacelab /Orb iter interface connections 
are checked. The SL is next serviced with non-hazardous fluids and low- 
pressure gases (if required), and flight batteries and chargers are 
installed. 

In parallel with the above activity, the installation of experiment-related 
equipment in the PSS of the Orblter will continue. 

Upon notification that the Orbiter is ready to aqcept the SL. the SM hatch 
seal protective cover, conditioned air and adapter, and GSE lighting will 
be removed from the SL. Hie lifting devices are connected and the SL is 
installed in the Orbiter cargo bay. The attach points of the SL in the 
Orblter have been previously verified during SL Integration. 

After the SL has been secured in the cargo bay, the lifting devices are 
removed and Spacelab /Orbiter interface verification begins. The electri- 
cal interfaces are verified with plugs-out continuity checks; and after 
thorough examination, all electrical cables, fluid lines and umbilicals 
will be connected. The forward utility bridge and tunnel will be installed 
and connected. Satisfactory conclusion of these operations represents the 
final activity of this subtask. It should be noted that the conmon time- 
line of the Spacelab /Orblter begins upon Installation of the SL in the 
Orblter cargo bay. 
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ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 11.3 Applicable Concepts: ALL 

Title: Orbiter Integrated Test (OIT) , EMC and KFI Tests 


Principal Elements: Spacelab/Orblter/Tunnel 

2.0 ACTIVITY DESCRIPTION 

The Orbiter Integrated Test (OIT) is a test requirement for Shuttle and is 
shown in the Shuttle Turnaround Allocation. The OIT shown in the Spacelab 
(SL) flows is consistent with the Orbiter timeline and reflects the SL 
role in the test. During the OIT, Orbiter and Spacelab systems are 
operated in vairlous sequences to determine Interferences between systems. 
Electrical transients and spurious signals often catised by operation of 
pumps, motors, etc., will be specifically investigated. 

In parallel with the OIT, EMC arid RFI tests are conducted with Spacelab 
and Orbiter systems operating. The electromagnetic compatibility and 
radio frequency interference tests will have to be accomplished in various 
combinations and sequences of system operation. The documented performance 
characteristics of equipment may result in changes to the mission flight 
plan pertinent to rearrangement of experiment operating times and sequences. 

Conclusion of this subtask is necessary before installation of ordnance 
which is the subject of the next sub task. 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functlonsil Flow Number: ll* 4 
Title: Spacelab Final Closeout 


Applicable Concepts: ALL 


Principal Elements : Spacelab /Orblter/Tunnel 


2.0 ACTIVITY DESCRIPTION 


Ordnance not placed in areas accessible at the pad must be installed at 
this stage of testing. This ordnance Includes explosive bolts, shaped 
charges, etc., used in normal or emergency situations. Installations of 
pyrotechnic initiators , as a result of safety considerations , are delayed 
to the very last practical Instant in the flews. Normally, during ordnance 
installation, personnel not actively engaged in the Installation operation 
are required to clear the area. 


An abbreviated Spacelab leak check of tunnel Interfaces with Orbiter and 
Spacelab will be conducted. The method of accomplishing this is to be 
determined, i.e. , pressure decay or utilizing helium mass spectrometer. 


Spacelab final closeout will occur after leak checks are completed. All 
panels and inspection covers are Installed and cargo bay readied for 
closeout. 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 11.5 Applicable Concepts: ALL 

Title: Review and Final Flight Approval 

Principal Elements : Spacelab/Orblter/Tunnel 


2.0 ACTIVITY DESCRIPTION 


A review of all documentation relevant to Spacelab checkout to this point 
will be conducted with participation by NASA and contractor personnel. 

The output of this review board will be a formal approval to proceed with 
Spacelab missions. 
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BLOCK 12.0 LAUNCH OPERATIONS 


WORKING DAYS 
16 HOUR WORK DAY 

♦ INSTALL INTERIOR WORK STANDS FOP ACCESS IN VERTICAL POSITION 
* INSTALL INTERIOR PROTECTIVE PADS /NETT INGIGSE ) 

» CONDUCT SL FINAL PRE-LAUNCH TESTSIPERF PARALLEL WITH ORBITER LRV TEST) 

♦ FINAL SL DATA REVIEW 

♦ LOAD TIME CRITICAL CONSUMABLES ( F RM , TAPE tR ADI AT I ON FILM PLATEStETC) 

♦ LOAD TIME CRITICAL LIFE SPEC IMENS f CULTURES , ANI MAL * S , INSECTS E PLANTS! 
*♦* LOAD HAZ MATERIALS (CRYOGENS, HYPERGOLICS* HIGH PRESS GAS £ 

radiation SOURCES) 

* REMOVE SL INTERIOR PROTECTIVE PADS E NETTING 
♦ REMOVE SL INTERIOR WORK STANDS 
♦ LAUNCH 

7 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATIOI 


Functional Flow Number: 12.0 

Title: Launch Operations 


Applicable Concepts: ALL 


Principal Elements: Spacelab/Orbiter/Tunnel 


2.0 ACTIVITY DESCRIPTION 

Following Spacelab (SL) closeout at the concltislon of the Orblter cargo 
Integration tests, the SL Is In a passive inode for approximately 51 hours 
of the Shuttle turnaround allocated timeline. During this period the SL 
is Inaccessible as a result of operations being performed on the Shuttle 
In which the Orblter cargo bay doors are closed out. 

After an elapse of 51 hours, the mobile launcher platform (MLP) Is hard 
down on Its mounts at the pad, the payload changeout room (PCR) is extended, 
and cargo bay doors opened. At this time, SL launch operations can be ini- 
tiated (T -17 hours). Access provisions for the SL Interior must consider 
the vertical orientation of the SL at the pad. From an operational consid- 
eration, It is better to minimize the Interior activity of the SL because 
of the access problem, including the necessity for Ingress /egress through 
the Orblter crew conq>artment. 

For those SL/experlment configurations which require Interior SL access, it 
must be recognized that all ladders, stands and protective padding must pass 
through the crew coi^jartment and tunnel. This places a definite constraint 
on the design of such equipment. The activities that can conceivably be 
conducted at this time are as follows. 

1. SL final prelaunch tests (TBD) that would be performed in 
parallel with the Orblter launch readiness verification tests 
(LRV). 

2. Loading of time-critical consumables such as film, recording 
tapes, radiation exposure film plates, radiation sources, etc. 

3. Loading of time-critical life specimens that may represent portions 
of the e3q>eriment configuration-cultures, animals. Insects, plants, 
etc. 
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ACTIVITY DATA SHEET Sheet 2 of 2 

2.0 ACTIVITY DESCRIPTION (CONT) Flow Number: 12.0 


Loading of hazardotis materials such as cxyogens , hypergollcs , high- 
pressure gases, etc., would probably be acconq>llshed through external 
connections to the Spacelab. The total tlxae required’ for this task 
should not exceed eight hours, which Is consistent with the Shuttle 
allocation flow. 
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PLOCK 14.0 °OST FLIGHT OPERATIONS 


l***4i4'«**4i*4i)ti4i4i4(2***4‘4t4M|>4c»4‘4t4c*«*34[4i4(4i:^«4E4i4i4c4>4t4'*4t4 WORK ING DAYS 

*ttt*m*t‘*************iti 16 HOUR WORK DAY 

♦ ORRITEP LANDING 

**************** ORBITER POST LANDING ACTI VITYC REF ) 

**** remove SPACFLAP from ORBITER 

**** remove sl related equip from orb crew compioperation not part of 

ORB FLOW) 

******** begin 8 HOUR WORK DAY/40 HOUR WORK WEEK 
******** SHIP SL RELATED EQUIP TO IC(OR USER)-tTASK NOT A SERIAL 
CONSTRAINT) 

♦♦ INSTALL SL HATCH COVER 

*** install sl in SHIPPING CONTAINER E SECURE 


V 

ON 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 14.0 
Title; Post-Flight Operations 


Applicable Concepts; ALL 


Principal Elements: Spacelab, Experiments from Orblter Crew 

Compartment, Canister 

2.0 ACTIVITY DESCRIPTION 


Post-flight operations commence with Orbiter landing. After landing, the 
Orbiter will be towed to the saflng area where it will be allowed to cool. 
Besldual propellants will be drained and high-pressure gases vented. The 
Orbiter is made safe in all areas. The same saflng procedures will be 
made on the Spacelab (SL) , and all hazardous propellants Clf any) are 
drained and high-pressure gases vented. SL batteries will also be removed 
at this time if possible. 

Hie first 20 hours of post-flight operations are governed by the planned 
Orbiter flows. SL activities will be in parallel with analogous Orbiter 
operations. Within two hours of landing, mobile cooling carts will be 
attached and activated. Directly following, the Orbiter will be towed to 
the Orbiter Processing Facility (OPF). After venting and purging have 
been completed, (about 16 hours after landing), the payload doors can be 
opened. 

Approximately 4 hours are reqxiired to disconnect and remove the SL.' During 
the same time period, the ground crew will remove SL experiment equipment 
from the Orbiter crew compartment. Equipment mounted or stored in the 
Orbiter will be removed and prepared to be shipped directly to the user 
facility. The flight crew egress occurs approximately 2 hours after 
Orbiter landing, and at the same time any critical experiments and data 
are off-loaded. 

Operations during the first 20 hours after Orbiter landing will be con- 
ducted at the 16-hour-per-day Orbiter timeline. Completion of SL removal 
from the cargo bay will allow a decoupling of SL flows from the main 
Orbiter ground processing flow. At this time , the SL schedule of 8 hours 
per day, 5 days/week will be initiated. 

Prior to SL removal from the Orbiter cargo bay, the SL tunnel will be 
disconnected along with umblllcals, fluid lines and electrical cables. 

SL retention device will be released. 
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ACTIVITY DATA SHEET Sheet 2 of 2 

2.0 ACTIVITY DESCRIPTiraJ (CONT) Flow Number: 14.0 

The SM hatch cover will be Installed to close out the SL prior to shipment. 
The next operation will be to Install the SL In the canister and secure 
It. If required, time-critical Items can be removed from the SL just 
prior to the closeout of the SM hatch cover. These Items could be films , 
experiment samples or tapes that must be removed and sent to either the 
principal Investigator (PI) or some agency life the Experiment Ground 
Data Facility. 

The next activity will be the attachment of the lifting slings/holst to 
the Spacelab and Its Installation Into the canister that will be utilized 
as the SL shipping container. After the SL has been installed In the 
canister. It will be secured to avoid damage during shipment. 
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PLOCK 15.0 SPACELAB MOVE TO M$OB 


l*****4r*2’*"^^***’^3^***4‘4'^A WORKING DAYS 


*♦ CONNECT CONTAINER LIFTING SLING/HOIST C LOAD SL CONTAINER ON XPORTER 
♦♦ MOVE SL/CONTAINER TO MSOB 
♦ SL ARRIVAL AT MSOB 
** REMOVE SHIPPING CONTAINER COVER 

CONNECT LIFTING SLING/HOIST, HYDRASET £ REMOVE SL 
move SL INTO WORK DOLLY £ REMOVE LIFTING DEVICES 
INSTALL PROT CVP'S/PADSt HOOKUP A/C £ GSE LIGHTS 


REMOVE INSP PANELS/CVR'S £ CONDUCT POST FLT INSPECTION 
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ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 15.0 Applicable Concepts; II, III, and IV 

Title: Spacelab Move to MSOB 


Principal Elements: Spacelab, Canister, Transporter 


2.0 ACTIVITY DESCRIPTION 

After removal of the Spacelab (SL) from the Orblter and installation in the 
canister, the SL/ transporter will be moved from the OPF to the MSOB. This 
movement will conmence with the connection of the lifting slings and hoist 
to the canister. After verification of the connections, the SL/ canister 
will be loaded on the transporter. A tractor will move the transporter 
from the OPF to the MSOB (approximately 2 hours) . 

After arrival at the MSOB, the canister will be opened. Lifting slings/ 
hoists (with hydraset will be connected and the SL removed and placed into 
a work dolly. All of the lifting devices will be disconnected and removed. 
The SL will now be made ready for a post-mission inspection. Protective 
covers /pads will be Installed to avoid having work crews damage any of the 
SL components or experiments. To assist the crews while they are working 
inside the SL, conditioned air lines will be brought through the SM hatch 
and portable GSE lighting will be Installed in the SL interior. 

The final task of this activity will be the removal of the SL inspection 
panels and covers followed by a post-flight Inspection of the entire SL 
and pallet. Ihls Inspection is an Inspefctlon of the as-flown configuration. 
It is conducted to gain insight into any Imnedlate problems that might 
require replacement or refurbishment prior to the next mission. The notes 
from this post— flight inspection will be used by the crew that conducts 
the SL refurbishment activities of Blocks 19.0 and 21.0. 
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BLOCK 16.0 SPACELAB SHIPMENT PROM LAUNCH SITE 


1 


******* l*:^^^r^**2******'*‘^*******^*******5*******b*******7 WORKING DAYS 

♦* CONNECT CNTR LIFTING SLING/HOIST £ LOAD SL/CNTR ON XPORTER 
*♦ INSTALL PORTABLE PRESSURIZATION UNIT 

*♦ MOVE SL/CNTR TO AIR CARRIER LOADING SITE 
* LOAD SL SHIP CONTAINER ABOARD AIR CARRIER 
**************** SPACELAB ENROUTE FROM LAUNCH SITE 

♦ SPACELAB ARRIVAL FROM LS 
**** offload SL £ XPORT TO EXPM’T INTEGRATION AREA 
**** remove ship CNTR CVR/PRESS UNIT 

**** CONNECT LIFTING SLING/HOIST, HYDRASET £ REMOVE SL 
**♦ MOVE SL INTO WORK DOLLY £ REMOVE SLING/HOIST E 
HYDRASET 

♦♦♦ REMOVE SL GSE HATCH CVR £ INSTALL PROT 
CVR'S/PADS. CONNECT A/C £ GSE LIGHTS 
***** remove INSPECTION CVR» S/PANELSt CONDUCT R/ I 
£ POST FLT INSPECTION 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 


Functional Flow Ntmber; 16.0 


Applicable Concepts: I and V 


Title: Spacelab Shipment from Launch Site (LS) 


Principal Elements: Spacelab, Canister, and Transporter 


2.0 ACTIVITY DESCRIPTION 

After removal of the Spacelab (SL) from the Orblter (Block 14.0) and 
Installation In the canister, the following tasks will have to be com- 
pleted to effect SL shipment from the LS. Slings /hoists will be connected 
to the SL canister and then the entire assembly (canister and SL) Is 
loaded on the transporter. After loading and securing of the canister 
and transporter, the portable SL pressurization unit will be Installed 
and activated. This unit will provide a slightly positive pressure 
within the canister and avoid the collection of dust or contamination in 
the SL. The SL will be moved to the air strip by tractor. When the 
canister is ready to be moved to the LS, there are two items that have 
to be conq)leted. 

. Notification of security escort of movement plans and 
routes . 

. Receipt of verification of route clearances and that there 
are no objections to the move. 

At the air strip, the canister will be loaded aboard the Boeing 747 and 
flown to the Integration center/user facility. 

Two days serial time have been included In the flows as the time necessary 
to fly the Spacelab from the LS to the next facility. 

After arrival at integration center/user facility, the Spacelab /canister 
will be off-loaded from the 747 and transported to the experiment integra- 
tion area. When the canister/transport have been secured, the SM portable 
pressurization unit will be deactivated and removed and the canister cover 
will be removed. Lifting slings /hoists, will be connected to the SL, all 
ties disconnected and the SL removed. 

The SL will be placed onto a work dolly and all lifting devices disconnected 
and removed. The SL will now be made ready for post-mission inspection. 
Protective covers /pads will be installed to avoid having work crews damage 
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ACTIVITY DATA SHEET Sheet 2 of 2 

2.0 ACTIVITY DESCRIPTION (CONT) Flow Number: ig.Q 


any of the SL components or experiments. To assist the crews while they 
are working Inside the SL, conditioned air lines will be brought through 
the SM hatch and portable GSE lighting will bfe Installed In the SL 
Interior. 

The final task of this activity will be the removal of the SL Inspection 
panels and covers, follcwed by a post-flight Inspection of the entire SL 
and pallet. This Inspection Is a visual one of the as-flown configuration 
Tt Is conducted to gain Insight Into any Immediate problems that might 
require replacement or refurbishment prior to the next mission. 
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FLOCK 17.0 hemaTE SM/EM SHELLS 


WORKING DAYS 

♦♦ remove A/C, A/C adapter 6 GSE LIGHTING 
♦♦ DISCONNECT ELEC/MECH CONNECTORS 

♦♦ REMOVE ATTACH BOLTS AT EM AFT BLKHD/EM SHELL 
♦ SEPARATE RACK/PALLET-EM/SM SHELLS 
4c**4c move EM/SM SHELLS TO REFURBISHMENT AREA 
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ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 17.0 Applicable Concepts: ALL 

Title: Support Module /Experiment Module (SM/EM) Shells 


Principal Elements : 


2.0 ACTIVITY DESCRIPTION 

Subseqeunt to the post-flight Inspection of the Spacelab, demate operations 
of the SM/EM from the pallet and EM aft bulkhead and floor structure are 
accomplished. The personnel cooling and GSE lighting are removed and all 
electrical/mechanical Interface connections are broken at the racks . The 
attach bolts/fasteners are removed from the EM aft bulkhead to EM shell 
and the EM floor structure, aft bulkhead and pallet are slid out of the 
SM/EM shells on the specially designed workstand. The SK/EM shells are 
moved to the refurbishment area. The EM floor structure, aft btilkhead and 
pallet with racks and experiments are sent to their refurbishment location. 
All protective devices will be placed on Spacelab elements as required. 

A jury strut or GSE brace will be Installed on EM floor structure to support 
the EM aft bulkheads. 
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BLOCK 18.0 RACKS/PALLET SHIPMENT 


*H[**tlii^t^lt******2******’*‘3*******U*******5*******6*******7*******B WORKING DAYS 

MOVE RACKS/PALLET TO SHIPMENT AREA 
*♦* CONNECT lifting DEVICES 

**♦* LOAD racks/pallet IN SHIPPING CONTAINER 

♦♦ INSTALL SHIP CNTR PORTABLE PRESS UNIT C ACTIVATE 
MOVE SHIP CNTR TO AIR CARRIER LOADING SITE 
LOAD SHIP CNTR ON AIR CARRIER 

PACKS/PALLET ENROUTE TO REFURBISHMENT CENTER 

♦ packs/pallet arrival at refurb center 

♦♦♦♦ OFFLOAD SHIP CNTR £ XPQRT TO REFURB CENTER 
4(4<** REMOVE SHIP CNTR COVER t PORT PRESS UNIT 

♦*** CONNECT LIFTING DEVICES C REM RACKS/PALLET 
♦* MOVE RACKS/PALLET INTO WORK STAND C REM 
LIFT DEVICES 

*** INSTALL PROTECTIVE CVR*S/PAOS 
4t4t»4c«4t REMOVE INSP PANELS/CVR»S £ 

CONDUCT P/I £ POST FLT INSPECTION 


u/ 

o 

3 

0) 
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ACTIVITY DATA SHEET 


1. 0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 18.0 
Title: Racks/Pallet Shipment 


Applicable Concepts: II, III, & IV 


Principal Elements: Racks, Pallet, Shipping Canister 


2.0 ACTIVITY DESCRIPTION 

In all concepts, the racks/pallet (R/P) are shipped to the facility where 
they will be repaired and refurbished. This activity commences with the 
movement of the R/P*s to the shipment area where they will be loaded in 
a shipping container. A portable pressurization mit will be Installed on 
the shipping canister and activated. The pressurization unit will supply 
a slight positive pressure on the R/P*s to avoid contamination during 
shipping. The shipping container will be taken to the air carrier loading 
site by transporter. Once loaded on the air carrier, the R/P canister 
will be flown to the refurbishment center. Two days have been Included as 
the estimate for the serial time to fly the R/P*s to the refurbishment 
center. This allocation may be somevdiat on the conservative side, but it 
was felt that it might be safer to include this margin for unforeseen 
difficulties or delays. 

After the R/P's have arrived at the refurbishment center, the shipping 
container cover and the protable pressurization unit will both be removed. 
Lifting devices will be connected to the R/P’s and they will be removed 
from the shipping canister and moved into a work stand. 

After the lifting devices have been removed, protective covers and pads will 
be Installed. The final activity of this block will be to conduct a receiv- 
ing inspection of the racks and pallet. There may be some of this equipment 
that have inspection panels and covers; these items will be removed and a 
visual inspection conducted. This will be a preliminary screening to 
determine that there are no immediate problems requiring attention prior 
to Initiating the pallet/rack refurbishment. 





BLOCK 19.0 REFURBISH RACKS/PALLET 


♦ ♦♦♦♦♦♦i**itt«*#iit2*******3*****^*A^***»***5*******6*******7*******8*******9 WORK ING OAYS 

PRAIN, FLUSHt O^Y C CAP COOLANT SYSTEM 

REMOVE R ACKS/ EXP E R I ME NT S 
move EXPERIMENTS TO SHIPMENT AREA 
i(H)t*****ili*i¥*‘************************‘***** REFURBISH RACKS 

REM CABLING/FLUID LINES/BKT»S 
*4>4t***4r4>«****4t4'4t4i4>4i*4t4t*4t4t»4t4t4i#«4t4c<*t REFURB EM FLOORt AFT 

BLKHO C pallet 

*4c*:|.#*4>4r VERIFY OPERABILITY OF FLO SYS COMPONENTS 

*’»'♦***♦♦ INSP CABLING/CONN/FLD LINES t REPAIR 

*4c4>4i4i«*»#«4>«4>«4>**4i PECONIF EM FL R STRU £ 

FAB ELEC/FLD LINES 

*4t4c«*4t4>4t4t:^4<*«*4t*4t* RECONIF PALLET a FAB 

ELEC/FLD LINES 

*^t*,H^,*t*********** INSP EM AFT BLKHO 

MATE SURFACES* REPAIR 
a ALOOINE 

*««*«4>** INSP a REPAIR AFT UTILITY BRIDGE 

RE-TOUCH EXP’D SURFACES 
W/THERMAL PAINT 
** V-AC a CLEAN 

RACKS/PALLET STRUCTURE 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 19.0 

Title: Refurbish Racks /Pallet 


Applicable Concepts: ALL 


Principal Elements: Experiment and Subsystem Racks, Pallet Sections 

2.0 ACTIVITY DESCRIPTION 

Within hours of the separation of the EM/SM shells from the racks /experi- 
ments and pallet, the refurbishment of all Spacelab hardware elements and 
experiments will be initiated. Refurbishment of the racks, experiment/ 
racks floor structure, aft bulkhead, pallet and experiments will include 
the separation, removal and Inspection of all these major hardware coiqjon- 
ents. The racks and pallet will be stripped of experiments and auxiliary 
equipment, down to the basic structure and peinnanent service fixtures. 

The experiments and their associated equipment , removed from the racks and 
off the pallet, will be returned to the user/principal investigator. Those 
responsible for these experiments will handle the post-mission examination 
and possible refurbishment prior to reuse. 

Each rack, that will be refurbished, is a riged metal frame similar to a 
relay rack. Various-sized component elements are Installed on each rack. 
The Spacelab racks, while more complex than a relay’ rack, are not suffi- 
ciently flexible to be re configurable between missions. Equipment cooling 
is accomplished by means of a shelf through which a liquid (or air) flows. 
Equipment will have to be firmly in contact with the shelf to achieve the 
desired thermal contact. This means that attachment points (bolt holes) 
must be cut through the shelf and Isolated from the coolant channels. It 
is not feasible to drill new holes in an old shelf, and constraining all 
new equipment to an identical baseplate pattern may be prohibitive. 
Therefore, it is assumed that individual rack layout for each mission is 
unique for each different rack/experiment assembly. 

In addition to the cooling and mechanical support, the rack also contains 
the electrical wiring (cable harness) and the components of the extended 
digital data bus (EXDDB) . The EXDDB’s consist of modems, bus couplers, 
interface units and signal conditioners. These are active electronic 
devices that have been described as remote acquisition and control units 
(RACU's). The RACU's (there will be several in the EM and on the pallet) 
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ACTIVITY DATA SHEET Sheet 2 of 2 

2.0 ACnVITy DESCRIPnOH (CORT) Flow Number; 19.0 

share a common c^le running to Spacelab data management computer 
and are the primary means of collecting data from the Instnmientatlon 
sensors, and dlstrlhntlng commands to circuit breakers, set-point 
servos, etc. 

Similar to the racks, the pallet Is a flat-bed structure on which any 
external sensor can be loaded. It hint the same features and the same 
limitations just described for the rack. Both rack and pallet may be 
reusable by stripping down con^letely and replacing all support equipment 
and experiments with new cooqionents tmlquely configured for the next 
mission. 

It cannot be assumed that a subsequent mission will be sufficiently 
similar so that most of the cabling harnesses, coolant lines and connec- 
tions and mechanical siqiport brackets will be reused. The reference 
payloads (Payloads 2 and 3; see Appendix A) si^port this In that they are 
qi^te dissimilar. Iherefore, the flows and time schedules of this block 
consider removal. Inspection and refurbishment of almost all support or 
auxiliary eqtilpment. This Includes common payload si;q>port equipment, 
such as tape recorders and XDDB equipment, which will be removed, sent to 
a lab and bench-checked. Befurblshment will also include the reassembly 
of the common siq>port elements as well as the construction (but not the 
asseni>ly) of new cables, support brackets and coldplate plumbing. This 
new equipment will be Installed at the time and location of experiment 
Installation (see Block 2.0). Painting and/or touch-t^ of the pallet 
external surfaces with thermal paint will complete this activity. 

The five functional steps of this block are: 

1. Drain and flush coolant system. 

2. Remove experiments, cabling fluid lines, brackets, etc. 

3. Examine all cabling, connections and fluid connections for 
damage; vacuum and clean racks and pallet. 

4. Remove EH aft bulkhead and pallet attach bolts. Inspect 
all mating surfaces and utility bridge for corrosion and 
repair. 

5. Prepare the racks and pallet for Installation of experi- 
ments and siq>port equipment. 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 19.1 


Applicable Concepts: ALL 


Title: Removal of Experiment and Auxiliary Equipment from 

Racks and Pallet 


Principal Elements: Racks/Pallet 


2.0 ACTIVITY DESCRIPTION 

To Initiate the refurbishment of the racks and pallet, the Initial activity 
In this process will be the removal of these racks from the EM floor struc- 
ture and. In turn, the experiments from the racks /pallet . 

In addition to the experiment equipment that Is removed from the rack and 
pallet, cables, fluldllnes and brackets must be removed and/or reconfigured 
prior to Installation of the experiments for the next mission. 

Flow paths of removed equipment will be capped and their lines dralned- 
cleaned and checked to verify that there Is no fluid contamination. 
Electronics and communication equipment will be transferred to a lab for 
maintenance, checkout and repair. Also, the caution /warning devices 
(lights, annunciators), spacecraft Instrumentation and signal conditioners, 
internal lighting and circuit breakers will be checked verified and replaced 
as necessary. The equipment, removed and sent to a lab for bench mainten- 
ance, will be reinstalled with the new experiment equipment. 

This activity will only involve the removal of the experiments and their 
auxiliary equipment . The tasks associated with their preparations for 
shipment are described in Block 20.0. 

In addition to the experiment equipment there is attitude control equipment 
(i.e. , three-axis glmbal platform, sun sensors, star tracker set, horizon 
scanner, magnetic field detector) that must be removed, sent to the lab, 
checked out, and reinstalled when required. 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 


Functional Flov Nuidier: 19.2 


Applicable Concepts: ALL 


litle: Drain, Flush Coolant Systea; Seservlce and Conduct 
Flew Perfozaance Checks 

Principal Elements : Warlrw and Pallet 
2.0 ACTIVITY DESCRIPTION 


The active thermal control assemblies connected to the racks and pallet 
will be coiq>letely serviced and refurbished prior to each mission. This 
task will involve the following operations. 

1. Examination of all fluid lines and connectors for damage 
and/or wear. If any replacements or repairs are necessary, 
perform the required action. 

2. Drain and flush coolant lines, coldplates and circulating 
punq>s. 

3. Verify operability of coolant system components. Check 
puDq> speed and inlet and outlet pressures . 

4. Examlnatloa of connectors (coolant flow lines) at aft 
utility bridge for pallet-mounted coldplates and Interface 
to SM coolant supply main Interface connector. 

The refurbishment outlined in this task covers only the active thermal 
control asseiii>lles/ccmq>onents located on the rack or pallet. It covers 
the coldplates, pumps, isolation valves, flow controls and the temperature 
and pressure monitors , plus all associated pluonblng lines and connectors . 
The description of the SM asseni)lles/conq>onents is discussed in Block 21.0. 





Space Division 
Rockwell International 


Sheet 1 of 1 


ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 19.3 Applicable Concepts: ALL 

Title: Cab ling /Connect or Ex^lnatlon and Eepair 

Principal Elements : Racks and Pallet 


2.0 ACTIVITY DESCRIPTION 


After completion of the maintenance and refurbishment of the rack/pallet 
active thermal control assemblies, it will be necessary to reconnect the 
lines, fill the system, activate it, and again check all flvild connections 
for possible leakage at either of the major connect points. It will also 
be necessary to check the electrical power distribution system throughout 
the EM rack and to the pallet. This will include a validation of all 
controls and displays located in the racks. 

The electrical power cabling to all racks and subsystem equipment will 
be checked and replaced where required. 
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ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 19.4 Applicable Concepts: ALL 

Title: Remove Attach Bolts, Separate EM Aft Bulkhead from 
Pallet and Cap Fluid Lines 

Principal Elements : Racks and Pallet 

2.0 ACTIVITY DESCRIPTION 


Remove EM aft bulkhead/pallet attach bolts at I/F and separate the dollies 
supporting the EM aft bulkhead /pallet. Use dolly screw Jacks to maintain 
the Interface alignment. Separate the EM aft bulkhead and pallet I/F by 
moving the dollies apart. Cap /bag all electrical connectors and fluid 
lines at the aft utility bridge Interface. The final step of this activity 
will be the cleaning of the racks, EM floor structure, aft bulkhead and 
an Inspection of the EM and pallet mating surfaces. This will involve: 

. Examining mating surfaces and attach bolts for corrosion/ 
stress cracks. 

. Cleaning and polishing any surface deterioration or 
corrosion. 

. Alodlnlng both mating surfaces. 

. Vacuuming and cleaning the Interior surface and the exterior 
of the EM aft bulkhead and pallet. 
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BL3CK 20.0 EXPPRIMPNT SHIPMENT 


***4i***l****4E4t*2*4c*4'*«M 3******* 4* ***♦♦♦ 5 *♦*♦♦*♦ 5 ♦♦♦♦♦♦♦ 7 WORKING DAYS 


*4t4c4c******4t**4t*«*4t*4> pRgp FOR, SHIP 6 TRAVEL OF FIRST SET OF THREE EXPER IMENTSITYPICAL » 
*♦♦♦ SEAL E/I OR PART IN WEATHERPROOF BAG W/OESSICANT 

♦♦♦ INSTALL BAGGED E/I IN SHIP CNTR (SHIP CNTR AVAIL AT SITE) 

*4i* PRESSURIZE SHIP CTNR W/INERT GAS(GN2) 

PREPARE SHIP INSTRUCTIONS/DOCUMENTATION 
♦♦ MOVE EXPM»T TO SHIPPING DOCK 

*«***«*« ENROUTE travel (3 EXPERIMENTS) 

4(***4t*4c««4<4<i^44c**«4c*i|c SECOND SET OF experiments 

4>«it<4>««4<*4t4c)|c4c4c«4c***** THIRD SET OF EXPERIMENTS 


FOURTH SET OF EXPERIMENTS 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATICai 

Functional Flow Number: 20.0 
Title : E^erlment Shipment 


Applicable Concepts: ALL 


Principal Elements : Experiments and Experiment Hacks 
2.0 ACTIVITY DESCRIPTION 

Ihls activity covers the shipment of the experiment equipment and racks 
after removal from the Spacelab at the conclusion of a mission. This 
shipment of experiments and auxiliary equipment will be to the user's 
site In some concepts C^, 11 and III), and to the principal Investigator's 
(PI) location In others (Concepts IV and V) . The time estimates utilized 
In the test and operations flows were for shipment from an Integration 
center (IC) to a user location and are considered typical of the serial 
time that this task might reqrdre. It Is. quite similar to Block 1.0 
(Initial experiment shipment from tiser to IC) , with the noteable exceptions 
of: 

1. Shipping containers fabricated In Block 1.0 
do not have to be remade. 

2. Receiving Inspection Is not necessary after 
the mission as It was accomplished prior to. 

Installation of experiments In the Spacelab. 

Therefore, Block 20.0 Is 1.5 days shorter than Block 1.0. 

The activity Involves sealing of each part In weather-proof bags or 
similar protection: 

. Installing the bagged component /experiment In a shipping 
ctmtalner. 

. Pressurization of the container with an Inert gas. 

. Preparation of the shipping Instructions or documentation. 

. Moving the container to the shipping dock. 


TIME (DAYS) 
0.5 

1.0 

1.5 
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ACTIVITY DATA SHEET Sheet 2 of 2 

^2.0 ACTIVITY DESCRIPTI(»I (CONT) Flow Number; 20.0 


Including travel time, this five-step procedure takes' approximately 
2-1/2 days per set of three e^erlments. Shipment of four sets (Including 
overlap periods) will require a total of approximately 5-1/2 days. This 
activity Is performed entirely In parallel to the Spacelab refurbishment 
efforts and does not^ represent any addltlmal serial processing time In 
the Spacelab test and operations flows. 
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BLOCK 21.0 REFURBISH SUPPORT SYSTEMS S EM/SM SHELLS 


tlnitilLit**Z***‘'i***U***5***h***7***B***9**iO WORKING DAYS 

DRAIN, FLUSH, DRY 6 CAP COOLANT SYSTEMS 

REMOVE/PEPLACE SUPPORT EQUIP AS REQUIRED 
**4>**4i*« REM CABLES/FLO LINES/BKT'S NOT REQUIRED FOR NEXT FLT 
*♦ VERIFY OPERABILITY OF FLO SYS COMPONENTS 

** EXAMINE CABLES/CONNECTORS/FLD LINES £ REPAIR 
♦** RE=UR3 £ verify OPER OF AIR REVITALIZATION SYS 

**«*#****««« REFURB £ VERIFY OPER OF IMS COMPONENTS 

* INSPECT, CLEAN, POLISH £ ALODINE EM/SM MATE SURFACES 

* VAC/CLEAN INTERIOR £ EXTERIOR OF EM/SM SHELLS 
♦* RETOUCH/PAINT EM/SM SHELLS WITH THERMAL PAINT 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 21.0 Applicable Concepts: ALL 

Title: Befurblsh Support Systems and SM/EM Shells 


Principal Elements : Support Module (SM) and Experiment Module (EM) 

Shells 

2.0 ACTIVITY DESCRIPTION 

At the conclusion of the mission, the subsystems of the SM and the struc- 
tural shells of both the SM and EM will be completely checked out and 
refurbished. This activity will be a checkout and not a design verification 
The checkout will not Involve an exercising of the complete subsystem (all 
assemblies) over the ^tlclpated performance range of the components and 
sensors. The checkout will consist of four parts r 

1. Testing - The- actual checking of selected components 
and sensors to verify functional performance (some 
pumps, regulators, power conditioners, etc.). 

2. Analysis of previous flight performance. 

3. Similarity of equipment to equipment used on 
previous missions (batteries, filters, etc.). 

4. Inspection (lights, cautlon/wamlng annunciators, 
panel display connections) . 

The Initial activity of this block will be the removal of support equip- 
ment, cabling, fluid lines and brackets not required on the next flight. 

The next activities will be the refurbishment of each of the subsystems 
In the support module (Information management , thermal control, electrical 
power, attitude control, and air revitalization. This refurbishment will 
have to be completed prior to support module checkout. "Refurbishment" is 
Intended to mean replacement of expendables or degraded parts with compon- 
ents that are either new or have been through a maintenance cycle, these 
replacement conq>onents would have been checked out prior to Installation. 

For example, TV cameras will need periodic maintenance. After 200 hours 
of operation, the vldlcon Image tube must be replaced and the entire focus- 
ing, deflection, gray-scale, etc., must be timed. This is a bench opera- 
tion; It Is not effective to do this tuning In-place. It can be more 
easily and efficiently accooq>llshed In an electronics lab. The entire 
camera would be removed and replaced with a refurbished spare. The actual 
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ACTIVITY DATA SHEET 

2.0 ACTIVITY DESCRIFTiai (CONT) 


Sheet 2 of 5 


Flow Number: 21.0 


repair, test and certification components and stibassemblles is a bench 
operation. It is considered to be off-line, and not a part of the SM test 
and checkout operations flow. 

After each mission, the SM subsystem will not be completely disassembled, 
checked and then reassembled — only those conq>onents that have failed on 
previous mLsslans, or have reached the replacement stage because of the 
number of cycles they have performed, or the total elapsed they were 

used, or are expendables that are replaced after each fli^t. Within this 
concept, refurbishment and modification shall be on a remove-and-replace 
basis. 

Ihe refurbishment and reconfiguring of the SM is scheduled to take slightly 
more than eight serial days to accomplish (1 day => 8 hours/single shift) . 

It will be accorqilished in the following order. 

1. Removal of support equipment, cabling, fluid lines and 
brackets not required on the next flight. 

2. Servicing of the thermal control coolant loops by draining 
and flushing the lines, coldplates, and circulating pumps 
of support equipment not removed; capping or connecting 
flow paths or removing equipment. 

3. Examining all cabling, connectors, fluid lines and 
connections — performing necessary repairs. 

4. Checking operation of air revitalization assemblies. 

5. Refurbishing and verifying operation of the following 
IMS components : 

Tape recorders - Clean heads, lubricate motors and 
bearings, replace tape guides, and Install new tape. 

. TV camera - Replace vidicon and clean lenses. 

. Printer-plotter - Replace ribbon, clean platen and 
add paper. 

. Camera-film - Replace film and clean lenses. 

. Experiment-unique displays and controls - TBD 

Modifying the following IMS equipment : 

. Some remote acquisition unit (RAU) interconnections 
to sensors. 
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2.0 ACTIVITY DESCRIPTIOJ (COn*) Flow Number: 21.0 

. Conqiuter software 

. Some caution and warning Instrumentation. 

. Experiment-unique panels and wiring. 

After each of the subsystems has been refurbished, then the SM test and 
checkout operations will be performed. GSE power and cooling will be 
connected to the SM to energize the subsystems and test them to verify 
that they are capable of supporting the next mission. Ihe IMS will be 
used to check out the other SM subsystems. The IMS will first go through 
a series of seven steps prior to Its use for the checkout of the SM 
subsystems. 

1. Computer Self-Test 

. Standard program stored In memory 

. Test problem, error checks, and diagnostic check 

2. Instrumentation Self-Test 

. Additional standard program exercises data bus 
and RAU's. 

. Interrogate each RAU for one "status check" (which 
Is a built-in test function In the RAU). 

3. Command/Control Verification 

. Computer program Is used to interpret maniial 
keyboard function. 

. Commands are Input via controls, operations simulated 
and results displayed for evaluation. 

4. Peripheral Equipment Verification 

. Conputer programs to exercise data recorders, 
printers , plotters , etc. 

Utilize test signals and simulated data to verify 
operations. 

5. Check List 

. Operational status check 

6. Displays /Control Verification 

. Simulation of experiment displays and controls with GSE. 
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2.0 ACTIVITY DESCRIPTIfflJ (CONT) Plow Number; 21.0 

7 . Orbiter DnibUlcal Verification 

. GSE simulation of the slngals Ccautlon/wamlng , 
voice data) that cross the Orb Iter /Spacelab Inter- 
face via an rmdjlllcal. 

. Orbiter simulated by GSE. 

. Wiring check of signal paths. 

This conqjletes the IMS verification. The IMS Is now ready to be used to 
verify the r emai nder of the SM subsystems as shown In the table below. 

Ihe final two steps of this activity are: (1) vacuuming and cleaning of 

the Interior and exterior of the SM and EM shell, exanlnatlon of the mating 
surface of EM shell and aft bulkhead for corrosion or stress cracks, 
cleaning, polishing and anodlnlng the mating surfaces; and (2) preparing 
for move and mating with the EM experiment rack/floor assembly, painting/ 
retouching SM external surfaces with thermal paint, and retouching interior 
surfaces of SM. This completes the refurbishment and checkout of the SM 
and EM shell. 


1 Aiimhly/Componcnf 

Checkoift/Verification Requirement | 

1 THERMAL CONTROL I 

Col^ala (ihrae parallel 
puopif controls 
and displays, isolation 
waives, flow controls, 
temperafuto nsoniton, and 
prasHire monitors 

The SM tfwrmal contnd comptmenls will have to be connected to the GSE 
colc^fote supply system, cevd the pumps exercised through on/off cycles. 

The pressure trcnsducers used in conjunction with the pump speed will be 
utilized to measure pi^p inlet and outlet pressure and determine system 
line losses. Teiuperoture transdicers will be checked to determine coid- 
plote efficiency. The displays will be CRT pages and will be verified 
during (MS comcnand control verification. Estimated time h»r yerificotion 
is 2 hours. This includes connection to the GSE equipment, operation of 
the SM pumps and checks <m the cooling cofxscity at the various coldplotes. 

1 ATTITUDE CONTROL | 

independent ottitude 
sensors 

Check electricof power continuity to the attitude sensors and a continuity 
check frocn the sensor doto return line to the SM IMS. Input a know volH 
age to the gyros and determine that they precess the proper direction end 
vnount. This test voltage will require IMS computer support. The logic 
cormnandi attitude/rote displays will be verified during the IMS command/ 
control veriHcalion. Estimated time for gyro checkout is 2 hours. 

Attitude^tote Display 
SM and 9urttle dota 
Pollet 

3-osis gindnled plat- 
ionn, stm sensors, 
star tracker set, horizon 
scoiner, raid moBfcHc 
field detector 

Verification that the displays ore programmed to be handled by the SL IMS 
will be completed during (A^ commancj/control verificotiem. 

When these equipments are installed on the pallet there is a requirement 
for GSE equipment to stimulate the senson cmd receive the (ksto outputs 
to be used in conpmetiem with simulated Orbiter inputs to derive on 
integrated set of Olbiter/pallet position parameters. Verificotion requires 
Orbiter smeilator for Shuttle position and return data. Estimated time for 
test is 4 hours. 


-continued on Sheet 5 of 5 
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2.0 ACTIVITY DESCRIPTI(»I (CCHn:) Flow Number; 21.0 


Ancmbl y /Componcnf 

Checkout/Verificotion Requirement | 

AIR REVITALIZATION | 

SM 

Pmsura (14.7 piia), 
02 +N 2 tyitam, padtive 
prtuura rallaf; leak rat* 

Operating pressure, 14.7 + X psto*"*this will be verified by checking the 
SM and EM leak rates, onB verifying operation of atmospheric mokeup 
system (see gas storage). Check positive pressure relief valve operation. 
&timated time for valve check is 1 hour; leok checks, T6D hours* 

Tdimratur* (45 to 
85 r MlactabI*) and 
humidity 

Check cobin Hx and fan, cabin coolant loop (water) flow rotes, pressures; 
verify operation of equipment Hx ond fan. GSE equipment required to 
simulate Orbiter rodiator interfoce (poylood Hx). This is the some equip* 
ment utilized for the thermal control coidpiate verificotion and checkout. 
Also required ore visuol iiupections of the water storoge from the humidity 
Hx. These inspections ore to check connections ond quontities where 
required. Estimated time for test ond checkout is 4 hours. 

Gat itorag* (02> N 2 ) 

Mechanical check of bottle insulation and purity monitor check. Check 
flow control devices. Check interfoce with the COo counter or measure* 
ment device to ensure thot proper mixture ratio con be maintained. 

Air circulotlon - fora; 
hobItabU orto (48 cbn); 
equipment rocks - forced 

Fons, on/off test verification that operotionol status still voltd; meosure 
oir movement rote 48 cfm + X cfm; forced atr ducting, (remove and 
replace filters**see contaminotion control). 

Contamination control 
(100,000 clou); odor 
control; charcoal b«di 
and HEPA filtan 

HEPA filters/charcoal beds: These equipments should be treated os 
expendables and replaced prior to each mission. Real-time contoninotien 
monitoring system (RTCM) would need to be checked if utilized. 

Fir* control 

N 2 both (module and 
rock); exhouit to space; 
portable extinguishen; 
smoke/heot sensors 

Checklist. 

Verify quantity of poylood N2 sufficient for normal (otmospheric makeup) 
and contingency modes plus possible SM repressurizotion; check $L atmos- 
phere dump to space value; inspection of portable extinguishers and 
smoke/heat sensors. 

ELECTRICAL POWER 

IXral bottery pock (30 kwh) 
CXkiI oc regulators 

A ground power source will be used to simulate Orbiter power. The 
ground source will duplicate Orbiter voltage levels and quality* This 
will be used to verify the voltage regulators and power conditioners. 
Test time estimated to be 0.5 hour. 

Power conditionen 

Power dtsrribution control check. Verify that power con be routed 
through the SM to vorlous EM and pellet locations. Estimated time for 
verification is 15 minutes. 

Pdwer distribution 
controls/disploys 

Check SM power distribution lines to EM. Lighting check--tum lights 
on/off. Estimated time is 10 seconds. 

Voi toge/omp/fre^phose 
dispioys 

Battery pack— voltacc level check— con be performed by keyboard selec- 
tio.; from IMS console (10 seconds); there will also be a visual inspection 
of the instaHotion of the batteries, NOTE, The power regulation, 
conditioning ana distribution subassemblies are the only ones that can be 
checked out or verified on the SM. All displays of voltage, amperoge, 
frequency, power distribution, etc., will be verified duririg the IMS 
checkout of the CRT page displays. 
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piacK 22.0 POST refupbishmemt racks/pallet shipment 


^^L^l»^:^2***3***^***5***b***7***e kvORKING DAYS 



♦♦ CONNECT LIFTING DEVICES TO RACKS/PALLET 

** LOAD RACKS/PALLET IN SHIP CNTP, LOAD ON XPORTER, SECURE £ REM LIFT DEVICES 
* INSTALL SHIP CNTR PORT PRESS UNIT £ ACTIVATE 
♦* MOVE SHIP CNTR TO AIR CARRIER LOADING SITE 
** LOAD SHIP CNTR ON AIR CARRIER 

**4<y*Y4c* RACXS/PALLET enroute to user facility 

* RACKS/PALLET ARRIVAL AT USER FACILITY 
♦♦ OFFLOAD SHIP CNTR £ XPORT TO EXPMT INSTALLATION AREA 
♦♦ REMOVE SHIP CNTR CVR 6 PRESS UNIT 

*♦ CONNECT LIFT DEVICES C REMOVE RACKS/PALLET FROM SHIP CNTR 
♦ MOVE RACKS/PALLET INTO DOLLY/STAND £ REM LIFT DEVICES 
♦♦ REMOVE ACCESS/INSP PANELS £ CONDUCT R/I 
♦* INSTALL PROTECTIVE CVR*S/PADS 


* REINSTALL ACCESS/INSP PANELS 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Nuonber: 22.0 


Applicable Concepts: III 


Title: Post-Befuxblshment Rack/Fallet Shlpioent 


Principal Elements: Racks, Pallet, Shipping Canister 


2.0 ACTIVITY DESCRIPTION 

Ihe tasks associated with this block axe almost Identical with those of 
Block 18.0; there Is only one noteable difference. Ihls block describes a 
move that follows the repair and refurbishment operations, while Block 18.0 
concerns a move that precedes this refurbishment. Therefore, the aaly activ- 
ity that will vary Is the final one. Da this block there Is no need to 
conduct a post-shipping receiving Inspection Cf^/I) because the racks and 
pallet have jxist completed refurbishment. Therefore, only the normal qtiick- 
look R/I will be performed. Its fmctlan will be to establish that there has 
been no damage caused by the shipment. 

The steps of this activity axe as follows. 

. Movement of the racks /pallet to the shipment area. 

. Connecting of lifting devices and loading the racks/pallet 
Into the shipping containers Ccanlster). 

. The shipping container will have a portable pressurization 
vmlt Installed and activated. 

. The shipping ccmtalner will be taken to the loading site and 
loaded Into an air carrier (Boeing 747) . 

. TWo days (enroute) of serial time for the shipment to the laimch site. 

. Arrival at the refurbishment center, and off-loading of shipping 
container and transporter to refurbishment center. 

. Racks /pallet will be off-loaded into a work dolly and the lifting 
devices removed. 

. Protective pads and covers will be Installed. 

. Access /inspection panels will be removed and an R/I conducted. 

. The final task will be the reinstalling of the access/inspectlon 
panels. 
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PART 2. PALLET- ONLY 


This part of Appendix D contains the activity data sheets for the pallet- 
only concepts. These descriptions were developed in the same manner as those 
for the complete Spacelab, and they also represent the details of the test and 
operations activities associated with the entire ground processing operations of 
the pallet-only hardware and experiments. There are 19 activities developed 
and they follow the processing cycle of pallet/lgloo operations from shipment 
of experiments (Functional Flow No. 1) and their related auxiliary equipment 
from the user/PI laboratories to the experiment integration area. They also 
include the operations of experiment Installation (2.0), experiment checkout 
and integration (4.0), and Spacelab integration (9.0). The activity data 
sheets (ADS) conclude with the activities that relate to the post-mission 
operations through the refurbishment of the pallet, igloo and experiments 
subsequent to their being used on another mission. 

In order to correlate these activities and the appropriate detailed flows 
to which they relate, they must be referenced back to Volume II, Section 4.2, 
Integrated Flow. The timelines for all three concepts are also included in 
that same section of Volume II. 

To facilitate the use of these activity data sheets. Table D-2 has been 
included. Each ADS has the concept effectivity indicated. 

Table D-2. Pallet-Only Processing Concepts 


Concept 

Owner 

Integration Site 

Pallet 

Igloo* 

Experiment 

Equipment 

Spacelab 

VI 

IC 

LS 

User 

LS 

VII 

IC 

LS 

IC 

LS 

VIII 

User 

LS 

User 

LS 


*Support system igloo and equipment--e^eriment igloos 
are owned by the pallet owner. 
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PALLET ONLY - CONCEPTS VI/VIII - BLOCK 1.0 EXPERIMENT SHIPMENT 

working days 

TRANSFER EXPMTS FRCM LSER/PI LAB TC EXPMT INTEGRATION AREA 
**♦* CONDUCT EXPMT/SUPPORT EQUIPMENT R/I 


fl: 

O 

3 

fl) 
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PALLET ONLY - CONCEPT VII 


BLOCK 1.0 EXPERIMENT SHIPMENT 


WORKING DAYS 

PREP FOR 6 SHIP FIRST SET OF THREE EXPERIMENTS (TYPICALI 
CONSTRUCT/FABRICATE SHIPPING CONTAINERS 
SEAL END ITEM/PART IN WEATHERPROOF BAG WITH DESSICANT 
*** LOAC BAGGED END ITEMS/PARTS IN SHIPPING CONTAINERS 

PRESSURIZE CONTAINER WITH INERT GAS (GN2» - CHECK FOR LEAKS 
prepare SHIPPING I NSTRUCTIONSt DOCUMENTATION £ DATA PACKAGE 
♦♦ MOVE EXPMT/AUXILIARY EQUIP TO SHIPPING DOCK 
♦ SHIP FIRST SET OF THREE EXPERIMENTS 

FIRST SET OF THREE EXPMTS ENROUTE 
» ARRIVAL OF FIRST SET OF THREE EXPERIMENTS 
4>****«**«*4<»4>«4>4i*«**«*4>* PREP FOR £ SHIP SECOND SET OF THREE EXPERIMENTS 

PREP FOR £ SHIP THIRD SET OF THREE EXPERIMENTS 
i^^fm********************* PREP FOR £ SHIP FOURTH SET OF THREE 

EXPERIMENTS 

CONDUCT EXPMT/SUPPORT EQUIPMENT 
R/I 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 1,0 
Title: Experiment Shipment 


Applicable Concepts: VI and VIII 


Principal Elements; Experiments and Auxiliary Equipment 
2.0 ACTIVITY DESCRIPTION 

This activity involves the transfer of experiments and their related 
auxiliary equipment from the user/PI laboratories to the experiment 
integration area. Since in these two concepts the Installation of experi- 
ments onto the pallet, or into experiment igloos, will occur at the user's 
facility this transfer function is a relatively short and simple operation, 
involving the movement of experiments and auxiliary equipment over short 
distances and has been estimated to require only four hours of serial 
processing time. 

Within this activity there are no estimates for the development or construc- 
tion of packaging or shipping containers. The packaging containers for 
instruments and/or auxiliary equipment will be the responsibility of the 
principal investigator (PI) . 

This activity will Include a receiving inspection (R/I) of the experiment 
and support eqxiipment. Since each piece of equipment will be checked as a 
part of the installation activity, this R/I is merely a top-level scanning 
and inspection that all necessary items have been received and’ were not 
damaged during shipment /transport from the user/PI lab. 

The tasks involved in the block can be accomplished far in advance of the 
initiation of a given mission and need not be a constraint on the activities 
related to the preparation of the pallet, igloos or support systems; 
therefore, the serial processing time for this block has not been added to 
the total time for the applicable concepts involved in this aspect of the 
study analysis. 
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ACTIVITY DATA SHEET 
1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 1.0 Applicable Concepts 

Title: Experiment Shipment 


VII 


Principal Elements : Experiments and Axnclllary Equipment 


2.0 ACTIVITY DESCRIPTION 


This activity covers the preparations for shipment and transportation of 
the pallet-only experiments and auxiliary equipment from the user and/or 
principal Investigator CPI) to the integration center (1C). All experi- 
ments and auxiliary equipment required for the referenced mission will be 
packaged for shipment to the IC. The selected transportation mode will be 
via air carrier. 


The time estimates were developed by determining the task requirements and 
estimating the times for logical experiment sets. These time estimates 
were applied to the nximber of experiment sets in the reference pallet-only 
payload. Preliminary analysis indicated that the experiment groups should 
be parepared in sets of three. The following are the tasks that must be 
performed for each of the four sets of experiments. 


Construct/fabricate shipping containers- Shipping containers 
will be constructed for each piece of experiment and auxiliary 
equipment. 


Seal end item/part in weather-proof bag with dessicant - All 
equipment will be wrapped to ensure that there is no exposure 
or contamination during shipment. 


Load in containers - After sealing in the weather-proof bags, 
all end items will be placed in their shipping containers and 
all restraints and shock/vibration recording devices will be 
connected. 


Pressure containers - Each container will be sealed and 
pressurized with an inert gas for environmental protection. 
After pressurization, leak checks will be conducted. 


The activity also includes the preparation of shipping/ 
handling instructions. This documentation will be completed 
for each end item and accumulated as a data package for each 
mission. 
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ACTIVITY DATA SHEET Sheet 2 of 3 

2.0 ACTIVITY DESCRIPTION (CONT) Flow Number: 

Applicable Concept: VII 

. The next step is the transport of the experiment and 
auxiliary equipment to the shipping dock, and the ship- 
ment of the first set of three experiments . 

These five steps will be performed three more times for the remaining nine 
experiments of the reference mission. For an overview of the time 
sequencing of these steps, see the functional flow diagram for Block 1.0. 

Since the steps involved in this block can be accomplished far in advance 
of the initiation of a given mission, and since they need not be a con- 
straint on the activities related to the preparation of the pallet, igloos 
or support systems, the serial processing time for this block has not been 
added to the total time utilized in the study analysis. 

Block 1.0, Experiment Shipment, is concluded with the conducting of 
a receiving inspection of the experiment and support equipment upon receipt 
at the integration center (IC) . Each experiment will be xmpacked in the 
area assigned to the Pi's per the facility requirements of the ICD's. The 
receiving inspection will be conducted by the Pi's and/or his authorized 
representative, assisted by integration site personnel as required. 

Inspection operations to be performed shall include, but not be limited to 
the following items : 

. Visual inspection of each component for damage that may have 
occurred during shipping. 

. Checks of transportation accelerometers along with the humidity 
and temperature monitors (if tised) to assure that no out-of- 
tolerance conditions occurred during transportation. 

. Check of protective bags or enclosures to ensure that equipment 
cleanliness had been maintained during shipment. 

. Review of all acconq)anylng documentation, installation drawings, 
and test procedures to assure completeness. 

Any experiment /equipment which necessitated partial disassembly to facili- 
tate shipment will be reasseidbled at this time by the Pi's. Any realign- 
ment or functional retest required to verify the hardware integrity will ^ 
also be performed prior to the formal turnover, to the integration site 
personnel, for subsequent installation. 
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2.0 ACTIVITY DESCRIPTION (CONT) Flow Number: 1.0 

Applicable Concept: VII 


After cranpletlon of these steps » the experiments and their related sensors, 
electronics, cables, test aids, and instrumentation are ready for installa- 
tion on the pallet, canister, or in the Payload Specialist Station (PSS) 
simulator. 

HANDLING REQUIREMENTS. Almost all of the above mentioned constraints 
including g- loading will generally be satisfied by the design provisions 
of the shipping container plus specific instructions on handling. Small 
containers (less than 75 lb) will be considered as being capable of being 
handled by one or two men. The heavier experiment hardware will require 
cranes, hoists or forklifts for unloading from the aircraft. A truck or 
other means of transportation will be required for transfer to the exper- 
iment integration area. 
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PALLET ONLY BLOCK 2.0 EXPERIMENT INSTALLATION ( PALLET/ I GLOO ) 


*****^*^*l*mm******Z*********3*********U**’t^******5 WORKING WEEKS 

PREPS FOR INSTALLATION OF EXPERIMENTS/SUPPORT EQUIPMENT 

INSTALL EXPMT/SUPPORTEQUIP CA6LI NG,L INES & BRACKETS ON 
PALLET/IGLOO 

** NAVIGATION 

EARTH OBSERVATION 
*^m****m PHYSICS C CHEMISTRY 

♦ ENVIRCMENTAL EFFECTS 
♦ COMPONENTS £ SYSTEMS 

♦♦*♦♦♦♦♦♦♦♦♦ INSTALL EXPERIMENTS £ SUPPORT EQUIP ON PALLET £ IGLOO 
♦♦♦ NAVIGATION 

♦♦ ENVIRONMENTAL EFFECTS 
EARTH OBSERVATION 
♦♦ PHYSICS £ CHEMISTRY 
♦♦ COMPONENTS £ SYSTEMS 

♦♦ PERFORM CABLING CONTINUITY CKS AT P/IGLOO INTERFACES 
♦* MATE P/IGLOO — INSALL ATTACT BOLTS £ TORQUE 
»♦ CNCT FLD LINES - VERIFY I/F CONNECTIONS 

»♦ POST ASSY CLEAN UP - PREP FOR P/IGL MATE WITH 
S/S IGLfORB SIM £ AUX GSE 
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ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 2.0 Applicable Concepts: All 

Title: Experiment Installation (Pallet /Igloo) 


Principal Elements: Experiments/Auxiliary Equipment /Pallet 

2.0 ACTIVITY DESCRIPTION 

Task description and schedule time estimates for experiment and support 
equipment Installation on the pallet and experiment Igloos are based on 
the following; 

. The experiment Instrtiments and support eqtilpment have been 
functionally tested at the principal Investigator’s (Pi's) 
or user's laboratory prior to their arrival at the e^erlment 
Integration area, and all parameters have been verified to be 
within desired design limits. 

. Pallet and experiment Igloos have been refurbished, reconfig- 
ured, and checked out as described In ftmctlonal. flow Block 18.0, 
Pallet-Only Concepts , and are available In the experiment integra- 
tion area. 

. Each experiment and piece of support equipment has imdergone 
receiving Inspection (R/l) operations at the Integrator's 
facility after arrival and prior to Installation on the 
pallet or experiment Igloos or PSS simulator. 

Basically, the experiment Installation activity (Block 2.0) Involves four 
major tasks. 

1. Installation of experiment support equipment— cabling, lines and 

brackets on pallet sectldhs and the experlinerit Igloos . These mechan- 
ical operations are precursors of the experiment installations. They 
should be completed prior to the initiation of experiment installation 
while access problems are minimal. 

. Preparation of pallet/igloo for Installation of experiment and 
support equipment. 

. Installation of support items such as brackets, fluid lines, 
and cabling. 

. Location and alignment of critical support brackets, including 
accurate verification of the installation of the supports. 
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2.0 ACTIVITY DESCRIPTICN CCOfT) Flow Number: 2.0 

After the, pallet /Igloo has been positioned In the experiment 
Installation area and demated, the attach bolts are removed at 
the pallet/lgloo Interfaces. The two units are separated and 
the Unes/connectors are capped/bagged. The experiment Igloo 
sheila are then removed to facilitate access for experiment 
Ins tallatlon . 

Existing pallet/lgloo cable truns and utility lines will be 
repositioned and reworked for the requirements of the specific 
mission. There will be very few "standard” utilities' accommo- 
dations for experiments on either the pallet sections or the 
experiment Igloo. New lines dedicated to specific experiments 
for caution and warning, controls, data signals, and display 
outputs will also be added. There will be common lines and 
plumbing for power, data bus and thermal control. 

nils step would also Include the Installation of the extended 
digital data base (XDDB) equipment such as the remote acquisition 
control units (RACD's) and the bus Interface units (Bin's). In 
general, the number of RACU's will be determined by the density 
of the measurement points and the command signals In each area. 

Coldplate plumbing manifolds will be Installed; the coldplate pads 
will be added when the equipments are mounted. 

2. Experiment Installation . Installation and alignment /adjustment of 
the e^erlments are performed sequentially by experiment. The times 
for this activity are defined primarily by accessibility of pallet 
space and/or experiment Igloos and, secondly, by the manpwer esti- 
mates for this task. Therefore, the application of twice the 
manpower estimated for these tasks would not reduce the serial 
processing times by 50 percent. The Installation will be performed 
prior to mating the pallet /Igloos with the simulators to further 
maximize accessibility. The Installation of experiments Is presumed 
to be accomplished serially by discipline on both the pallet. Igloos 
and the PSS simulator. Pallet Installations may require cranes, 
hoists, etc., to handle the components. Alignment devices such as 
theodolites, autocollimators, bench marks, mirrors, levels and 
targets will be used to verify mechanical alignment. Coldplate pads 
will be added as required when the equipment Is mounted. As each 
experiment hardware package or rack Is mechanically attached, an 
electrical bonding check will be performed. This check is necessary 
to assure that an adequate and common ground exists between the 
experiment and the pallet. Igloo or simulator. The next step will 
be the completion of the mechanical connections (bolting to rack or 
bracket, and connection to coolant loops) plus the installation of 
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2.0 ACTIVITY DESCRIPTIOJ (CONT) Flow Number: 2.0 

protective covers where required. Experiment hardware Installa- 
tion will vary according to the complexity and size of each 
esqperlment. For the detailed Installation time requirements 
for each experiment, see Appendix A. 

The next step of the Installation function will be an end-to-end 
continuity check of all wiring at each experiment connector. 

The wiring checks are verified with plugs out by tracing the 
wire list pln-to-pln, ehcklng It against the electrical ICD. As 
each plug Is verified. It Is Inserted In the mating connector on 
the experiment. 

The final step Is an Inspection of all fluid line connections. 

Installation of each experiment shall be controlled by the 
following documentation: 

. Mechanical Interface Control Drawing ABC 
. Electrical Interface Control XYZ 
. The experiment Interface Control Docinnent (ICD) 

. Installatlon/Handllng Procedures 

After Installation, Quality Control shall verify the following: 

. Proper Installation and alignment of experiments per 
drawings . 

. Proper electrical power subsystem Interfaces with the 
pallet /Igloo/PSS simulator, and with each experiment 
assembly per drawings. 

. Proper Interface with the Information Management System 
(IMS) for each experiment per ICD's. 

3. Continuity checks . Cabling contimd-ty checks at the pallet /igloo 
interfaces are performed. Prior to the physical mating of the 
pallet/lgloo and the Orbiter simulator set, it will be necessary 
to perform a continuity check of the wiring connections at the 
interface bracket. This check will complete the end-to-end 
checks of all pallet and igloo wire harnesses, experiment hardware 
connector pin assignments, and pallet /canister /Orb iter wiring 
interfaces. The wiring checks are verified by tracing the wire 
list, pin-to-pin. Note that "end-to-end" does not imply disconnect- 
ing the experiment unit equipment cable; this was previously veri- 
fied during individual experiment Installation. 

After completion of the wiring contlnxilty checks, all fluid lines 
and connections will be checked to assure that there are no leaks In 
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2.0 ACTIVITY DESCRIPTICN (COTr) Flow Number: 2.0 

any components of the fluid systems. GSE sniffers and leak 
detectors will be utilized. These devices provide a rapid 
means of detecting leakage of pallet/lgloo fluid systems. 

4. Cleanup operations . Post— assembly cleanup and preparations for 
mating of pallet/lgloo to the support system igloo simulator 
and the Orbiter simulator are the final activity steps. 

Ihls activity disconnects and/or removes from the areSi the 
auxiliary GSE used for the installation, alignment, wiring 
checks and leak checks. 

Protective pads and enclosures are secured; \anbillcal and other 
Interconnects are secured; and the positlon/orlentation of the 
pallet dolly is modified (if needed) and secured to the floor. 

An installation discrepancy report is prepared if required. 
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PALLET ONLY BLOCK 3.0 CONNECT € C/0 SUPPORT SYS IGLOO/ ORBITER SIMULATOR SET 


*Hf:^f^ifn(^il;ti^f:t(:tfm**z*******3********t*******5*******6 WORKING DAYS 

«»««««★♦ POSITION/MOVE GSE IN P/IGL C/0 AREA tS/S IGL/ORB/PSS SIM SETS 

VERIFY SIMULATOR SETS/FACILITY INTERFACES 

CONNECT SIMULATOR SETS TO FACILITY INTERFACES 
VERIFY SS IGLOO SIM SET ELEC/MECH CONNECTIONS AT P/IGL I/F*S 
CONNECT SS IGLCO SIM/ORB SIM SETS TO PALLET/IGLOO I/F* 

** POWER UP COOLANT LOOPS - VERIFY FLD FLOW THROUGH GSE 6 P/IGL 
♦♦ PERFORM BUS ISOLATION TESTS OF PALLET/ IGLOO 

** CONDUCT PRE-PWR SW LIST TO VERIFY SW C CONTROL SETTINGS 
* POWER UP P/IGL ELEC SYS EXCLUDING COMPUTER FUNCTION 
CONDUCT POWER DISTRIBUTION CHECKS 
♦ VERIFY C/W INDICATORS - PUSH TO TEST CIRCUITR 

♦ POWER UP CONTROL CONSOLE 6 COMPUTER FACILITY 

* CONDUCT COMPUTER £ INSTRUMENTATION SELF-CHECKS 
***♦ VERIFY COMPUTER COMMAND £ CONTROL CAPABILITY 

♦♦ VERIFY OPER OF IMS PERIPHERAL EQUIP. GND DATA 
BASE COMPATIBILITY £ AUX EQUIP 
♦ POWER OCWN P/IGL SYSTEM £ ALL GSE 
***«**«4c CONDUCT EXPMT INTEG READINESS REVIEW (PI 
PARTICIPATION! 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number; 3.0 Applicable Concepts: All 

Title: Connect and Check Out Igloo/Orblter Simulator Set 


Principal Elements: Support System Igloo Simulator and 

Orblter Simulator Set 

2.0 ACTIVITY DESCRIPTION 

Primarily, this operation consists of the electrical and mechanical connec- 
tion of the Orblter simulator set and the support system igloo simulator 
to the pallet /experiment Igloos. It also includes simulator self-test to 
verify operability. These two simulators are required in the pallet-only 
concept because there are two major flight elements that will not be util- 
ized in the test and checkout of the mission readiness of the experiments, 
pallet and experiment Igloos: 

. Orblter (including PSS station) Interface 

. Support system igloo Interface 

In order to supply the necessary fimctlons that these pieces of equipment 
provide, two simulators are utilized in the program during this fxmctional 
block. 

• Orblter Simulator Set (Includes PSS simulator — both fimctional inter- 
faces and fit/form). The Orblter simulator set consists of a computer, 

a display/control console, coolant system, payload specialist station 
(PSS), power conversion equipment, and extended digital data bus (XDDB) 
controls. The simulator con^uter may be a copy of the PSS computer, some 
other mlnlprocessor, or a buffer translator interfacing with the gromd 
data base (6DB). 

The console should Include the same keyboard, page format display, and 
function-select switches as found in the Orblter console. Peripheral 
recorders and auxiliary equipment may be included. Conditioned air and 
lighting, where required, are not physically integrated with the Orblter 
simulator set. 

PSS equipment consists of; cautlon/wamlng electronics panel, TV monitor 
panel, digital recorder, recorder control panel, ACS control, audlo/vlsual 
recorder, CRT symbol generator panel, and subsystem RAU control. ^ 

• Support System Igloo Simulator . The support system igloo simulator 
set consists of equipment to simulate the following. 
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2.0 ACTIVITY DESCRIPTI(»J (CONT) Flow Number: 3.0 

. Environmental control sys.tem cooling capability for equipment 
mounted on the pallet or In Igloos. 

. Data management system - the support system equipment will be 
simulated with computers. Input /output units, mass memory, 

RAU's, and C/W logic. 

. Electrical power system - equipment for power conversion, 

experiment Inverters, an emergency battery, power control box, 
secondary power distribution, and a subsystem Inverter will 
be provided. 

Hie steps to be conqileted In this task are as follows. 

1. Position and connect Orblter and support system Igloo simulator sets 
and auxiliary GSE . This activity Involves the pre-mate preparations 
and physical connection of the Orblter simulator set and the support 
system Igloo simulation set to the pallet and experiment Igloos. 

The following tasks are necessary In the Implementation of this task. 

. Move and position the two simulator sets and auxiliary GSE 
(power, cooling, etc.) to the pallet checkout area. 

. Verify electrical and mechanical connections , perform contin- 
uity checks of the electrical connectors, and complete the 
connection of the GSE/faclllty Interface. 

. Verify the electrical and mechanical continuity of the two 
simulator sets and connect them to the pallet and Igloos. 

Along with the completion of these tasks. It Is presiimed that the 
computer support required has been verified and Is ready for utiliza- 
tion In the Orblter simulator set; and that It has been properly 
configured to support the specific payload configuration being tested. 

2. Power up and check out Orblter simulator set and support system Igloo 
simulator set (excluding computers) . This task Involves the power-up 
and pre-test checkout of the two simulator sets, except for their 
computers. It will require the following steps to be successfully 
completed. 

. Power up the coolant loop and verify coolant flews through the 
GSE/pallet/lgloo. 

. Perform pallet /experiment Igloo bus Isolation tests. 

. Conduct pre-power switch checkout verifying the switch and 
control settings. 


, i 
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2.0 ACTIVITY DESCRIPTiai (CONT) Flow Number: 3.0 

. Power up the pallet/experlment igloo electrical system 
portion of the.Orblter and support system igloo simulator 
sets — excluding conq>uter fimctlons. 

. Conduct power distribution checks. 

. Verify cautlon/wamlng (CAO indicators , lights , signals , 
etc. 

3. Power up and check out computer portion of simulator sets . The 
successful coiq>letlon of these steps are necessary to establish 
the operating performance of the computers prior to power-up of 
the experiment systems. The events Involved in this task are: 

. Power-up of the control console and the computer facility 
portion of both simulator sets. 

. Conducting computer/instrumentation self-checks. 

. Verifying computer command/ control capability. 

. Pcwer-down the electrical/mechanical systems and all GSE. 

4. Conduct experiment integration readiness review. After verifying 
the operating performance of the installed GSE and the Orblter and 
support system igloo simulators , an experiments integration readi- 
ness review is conducted. Participation of the Pi’s and other 
concerned parties is necessary to verify that all systems are ready 
for the experiment integration test. Items to be reviewed include 
all previous systems data, discrepancies, configuration and 
anomalies. Bevlew of such data and any outstanding open items 
(configuration shortages and checkout procedure readiness) that 
could affect the test results must be approved or disposltloned 
before the individual and integrated experiment system tests can 
be initiated. 
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PALLET ONLY BLOCK 4.0 EXPERIMENT CHECKOUT C INTEGRATION 


****l****2****3****^****5****6****7****e WORKING WEEKS 

♦ TEST TEAM CALL TO STATION FOR EXPMT C/0 AND INTEGRATION TESTS 

♦ CONDUCT SW LIST VERIFICATION OF POSITION AND CONTROL SETTINGS 

♦ POWER UP P/IGL SIM, OR8ITER SIM SETS £ PALLET/IGLOO 
********* CONDUCT INDIVIDUAL EXPMT C/0 BY DISCIPLINE 

4^**^************ CONDUCT EXPMT’S INTEGRATED SYSTEMS TESTS 

««»****« CONDUCT EMC/RFI TESTS £ ANALYSIS 

♦ POWER DOWN SIMULATORS, GSE £ PALLET/ IGLOO 
* DATA REVIEW 

♦ WORK DISCREPANT ITEMS 

* SYSTEM RETEST 

♦ NASA ACCEPTANCE REVIEW 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATKM 

Functional Flow Number: A.O 


Applicable Concepts : 


Title: Experiment Checkout and Integration 


Principal Elements : Pallets and Igloos 


2.0 ACTIVITY DESCRIPTION 

Utilizing the simulator sets described In Block 3.0 as the checkout 
equipment, each experiment equipment set Is exercised by discipline through 
all modes and configurations to verify the functional -status of each exper- 
iment. After indivldtial experiment checkout, those experiments that would 
operate concurrently during the mission are operated together to ensure that 
hb Incompatibility exists. An EMC/RFT check Is performed to assure conform- 
ance of the pallet and experiment igloos with Orbiter system requirements. 
Crew training is augmented by conducting abbreviated mission simulations 
In parallel with the integrated experiments checkout. This effort will 
familiarize the flight personnel with the mission timeline they will be 
utilizing in the mission. 

Following power-down from the experiment integration tests, a brief data 
review will be held, discrepancies identified, disposltioned, worked and 
retested prior to final NASA acceptance review. 

The following steps are accomplished during the completion of this block: 

Conduct individual experiment checkout by discipline . This activity 
involves a functional checkout of each individual experiment installed on 
the pallet/canister. This testing is performed to estsdjlish the operational 
capability of the individual experiment prior to the experiment integrated 
systems testing. These tests are designed around the fact that the develop- 
ment and acceptance phases have previoisly been completed. They are 
established to demonstrate operational capability, and not as a quantitative 
evaluation of system performance. 

Tests will be perfotmed by discipline on an Individual experiment basis. 

The general steps involved in the functional checkout procedure are as 
follows. 

. Set up the experiment equipment and activate the support 
equipment . 

■ . Activate the control and display console. 
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2.0 ACTIVITY DESCRIPTION (CONT) Flow Number: 4.0 


. Check out the control. and display console concurrently with 
the checkout of the experiment eqxilpment. 

. Verify the mechanical operation of the pallet-installed 
equipment. 

. Verify the operation of the experiment sensors on the pallet. 

. Verify the operation of the equipment In the Igloo. 

. Check out' the miscellaneous support and auxiliary equipment. 

. Verify the data processing recording concurrently with the 
checkout of the equipment on the pallet and Igloo. 

. Power down and secure the equipment. 

For the detailed teat and checkout requirements on each experiment, see 
Appendix B. 


The time to functionally verify each experiment of Payload 1 is estimated 
as follows : 


Discipline 

Experiitent 

Time (hr) 

Navigation 

NV-1 Microwave Interferometer 

7.50 


NV-2 Autonomous Navigation 

9.50 

Earth 

EO-1 Lldar Ifeasurements 

5.25 

Observations 

EO-4 Radiometer 

6.00 


EO-7 Search and Rescue Aids 

7.75 


EO-8 Imaging Radar 

7.25 

Physics and 

PH-2 Barium Cloud Release 

9.25 

Chemistry 

PH-4 Neutral Gas Properties 

6.75 

Environmental 

EN-1 Micro-Organism Sampling 

2.00 

Effects 

EN-3 Non-Metalllc Materials 

3.75 

Components and 
Systems 

CS-3 Contamination Monitor 

2.50 


Ihese estimates are predicated upon (1) initial equipment alignment being 
performed as part of the installation; (2) the cameras (pre-loaded) contain- 
ing test film; (3) the ground support equipment being previously tested, 
verified and validated; and (4) the e^erlments and experiment support 
equipment being ftmctionally tested and verified during their Individual 
experiment acceptance testing prior to their arrival at the Integration 
site. 
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Conduct experiment Integrated sya'tem tests /EMC/ RFI. After successful 
completion of the ‘-checkout of each individual experiment installed on 
pallet/igloo, the experiments will undergo an Integrated system test. Th-fg 
test is designed to verify each subsystem compatibility with all systems 
and experiment hardware.' The data obtained from this phase of the test 
program will serve as a baseline for all future testing or troubleshooting 
of the specific payload configuration. 

• After review of the Integrated test data and verification that no anomalies 
were detected, an electromagnetic compatibility (EMC) test will be performed 
to demonstrate that the experiments/pallet/lgloo operated within margin 
requirements. The EMC tests will be conducted to ensure that no interfer- 
ence will exist in a normal mission timeline. Simultaneously, an abbrevi- 
ated mission simulation including deployment and operation of the individual 
experiments will be conducted. The Orblter/pallet /igloo EMC testing will be 
accomplished as a part of the Orbiter cargo integration (see Block 10.0) 
at the launch site. 

Experiment integration tests will verify the deployment/operation of booms, 
antennas, solar arrays, etc., including those that may require special 
1-g support structure for their deployment. Once these systems have been 
verified, however, subsequent operations at other sites will not be 
attempted unless there is evidence that their functional behavior has 
changed. The experiment integration tests will end when the test conductor 
coordinating the tests has verified that all procedural requirements have 
been met. 

Mission simulation and crew training . Concurrent with the experiment 
integrated system test, a simulated mission is planned. It will use an 
abbreviated mission flight plan, flight hardware, and the mission flight 
plan to augment the flight crew training. 

An abbreviated simulated mission will be performed by the actual crew wltih 
additional support provided when required. This activity is Intended to 
verify the timeline sequencing and the feasibility of the crew to perform 
the prescribed operations. The simulation will serve as a bench-mark for 
future simulation training and actual flight operations . 

i 

Data review . Following completion of the experiment integration test, the 
pallet/igloo are powered down. The GSE remains connected, however, vmtll 
a data review has been conducted and retest requirements (if any) have been 
established. 

Data to be reviewed Includes the following. 
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. On-board recorded data - 'tapes » film, printer output, CCTV 

. GSE data - strip charts, pen records, etc. 

Ground base data printouts 

. Test documentation - discrepancy records (DR's), test 
conductor reports 

All test anaomalles documented elsewhere, such as discrepancy reports and 
test conductor reports, will be reviewed to assist In determining the 
retest requirements. Discrepancies will be evaluated, fixes outlined, and 
retest requirements established. Satisfactory completion of retest require- 
ments Is necessary prior to NASA acceptance review of the experiment 
Integration. Subsequent to completion of the retest effort, the pallet and 
Igloo are powered down. The GSE remains connected, however, until comple- 
tion of the final NASA acceptance review. 

NASA acceptance review . After conqiletlon of the experiment integration 
retest, an acceptance review will be held to formally approve all data and 
documentation gathered to this point, and to approve the final disposition 
of rework. The review of all data generated during the Integration is 
necessary to provide confidence that the pallet and Igloos are ready to be 
Integrated -nto the Orbiter vehicle. Costly schedule delays may be avoided 
If the readiness of the pallet to continue launch preparations is assessed 
at this time. The participants of this review would consist of both 
Integration center (IC) or user and NASA personnel, including the principal 
Investigators (Pi’s) and flight crews. 
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***«4>**l)«t4i4‘**«*2******«3 WORKING DAYS 

CISCONNECT P/IGL SIMt CR8ITEB SIM C AUX GSE FRCM P/IGLOO 

CLOSEOUT & SECURE PALLET/IGLOO PANELS COVERS £ ACCESS PANELS 
m******* REMOVE EXPERIMENT SUPPORT EQUIPMENT FRCM PSS SIMULATOR 

PREPARE PSS MOUNTED HARDWARE FOR SHIPMENT TO LS ( BAG/PACK/CRATEI 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 5.0 


Title: GSE Disconnect 


Applicable Concepts: All 


Principal Elements: Pallet/Igloo, Orblter Simulator Set, Support 

System Igloo Simulator, Auxiliary GSE 

2.0 ACTIVITY DESCRIPTION 


After completion of the experiment checkout and Integration activity 
(Block 4.0), all GSE utilized vrlll be powered down and disconnected from 
the pallet. Experiment monitoring equipment Cdlaplays, controls, caution 
and warning devices, keyboard, etc.) and support equipment that are mounted 
in the Orblter PSS are disconnected and removed from the PSS simulator. 

This equipment will be prepared for shipment, packaged, and sent to the 
launch site. Both simulators (Orblter simulator set and the svq>port system 
Igloo simulator) are disconnected and transferred to the GSE maintenance 
area for refurbishment/reconfiguration and eventual revalidation. 

After the simulator and auxiliary GSE have been removed from the Integration 
area, the pallet and Igloo coolant loops are deservlced and non-hazardous 
supplies are loaded. The final task Is the cleanup of the Integration area 
and the preparation of the PSS-moxmted equipment for shipment to the launch 
site. The Individual tasks that are completed are as follows. 

Disconnect Orblter simulator set and support system leloo simulator (Includ- 


Ing auxiliary GSE) from the pallet /experiment Igloo . Following successful 
conq)letion of the functional checkout of the Integrated pallet/lgloo, all 
connections at the Orblter simulator set/pallet Interface and at the siq>port 
system Igloo simulator /experiment Igloo Interface must be disconnected and 
secured. This Is done after all pallet/lgloo switches and controls are 
neutralized. 

Coolant fluid Is not drained from the pallet/lgloo lines. Self-sealing 
zero-leak qulck-dlsconnects prevent leakage and spillage. Cable connectors 
are capped and umbilical plugs secured. 

The Orblter avionics simulator equipment control and display console, power 
and coolant stub-ups are pcwered down and secured. All auxiliary equipment 
used for checkout of the Individual experiments (reference standard samples, 
light sources. Instruments, etc.) are disconnected, packaged, and returned 
to the owner or central supply. 
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ACTIVITY DATA SHEET 

2.0 ACTIVITY DESCRIPTION (CONT) 

Load non-hazardous supplies . After the coolant loops have been "deservlced' 
all non-hazardous supplies and equipment will be loaded. The non-hazardous 
supplies are those that neither will be affected by shipment or storage 
for any significant amount of time and, by their nature, do not represent 
a hazard. 

Close out and secure pallet/lgloo panels, covers and access doors . These 
activities will close out the pallet/lgloo and are the final steps before 
preparing them for shipment to the launch site. 

Remove experiment support equipment from PSS simulator. This activity 
Involves the removal of the flight hardware experiments and their support 
equipment from the simulator set, and Its preparation for shipment to the 
launch site. Experiment monitoring equipment (displays, controls, caution 
and warning system, keyboards, etc.) and auxiliary equipment are dis- 
mantled from the PSS simulator set and refurbished If necessary. (Pens 
are cleaned, ribbons changed, tapes removed, film. replaced, etc.) Each 
unit of experiment flight hardware and support /auxiliary equipment Is then 
bagged and crated for shipment. 

The Orblter simulator set and the support system Igloo simulation equipment 
Including auxiliary GSE, are then transported to the maintenance area for 
refurbishment, reconfiguration and revalldatlon for the next payload test 
and operations. 


Sheet 2 of 2 
Flow Number: 5.0 
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PALLET ONLY BLOCK 6. 0 PALLET/IGLOO SHIPMENT 


****^*:^l***iHf**2*******:ii^4ijit‘****^ WORKING DAYS 

♦♦ PREPARE PALLET/eXPERIMENTS/IGLCO FOR SHIPMENT TO LAUNCH SITE 
*♦*♦* LOAD P/IGL IN SHIPPING CONTAINER, SECURE £ REMOVE LIFTING DEVICES 
♦♦ INSTALL SHIP CNTR COVER, SECURE £ REMOVE LIFTING DEVICES 
*** MOVE PALLET/IGLOO £ PSS EQUIP TO AIR CARRIER LOADING SITE 
LOAD SHIPPING CONTAINER £ PSS EQUIP ABOARD AIR CARRIER 
♦ SHIP PALLET/IGLOO/PSS EQUIPMENT 

PALLET/IGLOO/PSS EQUIP ENROUTE TO LAUNCH SITE 
♦ PALLET/IGLOO/PSS EQUIPMENT ARRIVAL AT LS 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATKW 

Functional Flow Number: 6.0 
Title: Pallet/Igloo Shipment 


Applicable Concepts : An 


Principal Elements: PalTet* Igloo, PSS Experiment Equipment 


2.0 ACTIVITY DESCRIPTION 


Prior to shipment of the' pallet and Igloos to the launch site, the follow- 
ing tasks have been conq>leted. 

. The pallet /Igloo have been refurbished, reconfigured and 
checked out. 

. The e:q>erlment conq>lement for this mission has been Installed, 
aligned, and functionally checked out. 

. Experiment integration has been conpleted. 

. The Orblter simulator set, support system Igloo simulator and 
all siqiportlng GSE have been disconnected from the pallet and 
experiment Igloos. 

. The pallet 2 ind Igloo coolant loops have been deservlced. 

The pallet/lgloo and experiments are now ready for preparation and ship- 
ment to the launch site where they will be Integrated with the Orblter. 

The activities required to get ready for this shipment are as follows. 

Repaint pallet/lgloo exterior surface and conduct emlsslvlty checks . To 
reduce the heat rejection demands upon the coolant system during orbital 
operations. It Is necessary to coat the exterior surfaces of the pallet and 
Igloos with thermal paint to obtain the proper balance of solar energy 
absorbtlon (a) to emission (£ ) as measured by the ratio of the 
parameters (o/e ). The steps required to accomplish this task are as 
follows . 

. Verify that all panels/covers for the pallet and experiments 
are Installed. 

. Close/protect all penetration points such as vents , open lines , 
connectors, etc. 

. Cover/protect all sensors and equipment 
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PALLET ONLY - BLOCK 7. C PALLET/IGLOC £ PSS EQUIP ARRIVAL AND R/I 


WORKING DAYS 

rn**** P/IGL OFF LOADED - TRANSPORTED TO MSOB 
*** REMOVE SHIPPING CONTAINER COVER 

***** REMOVE P/IGL FROM CONTAINER - PLACE IN FIXTURE - REMOVE LIFTING DEVICE 
*nf** remove P/IGL PANELS* COVERS £ ACCESS DOORS - CONDUCT R/I 
******** OFF LOAD PSS EQUIP ~ TRANSPORT TO MSOB 
******** CONDUCT PSS EQUIP R/I 
*** POST R/I SECURE 


V 

!-■ 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 7.0 


Applicable Concepts: 


Title: Pallet/Igloo and PSS Equipment Arrival and Eeceivlng/Inspection 


Principal Elements : Pallet/Igloo and PSS Equipment 


2.0 ACTIVITY DESCRIPTION 


Upon its arrival at the launch site, the pallet will be off-loaded and 
transported to the MSOB. Prior to entering the MSOB, the transporter is 
cleaned externally to remove contaminants picked up during transit. This 
is necessary to enhance maintaining the clean room environment within the 
facility. At the MSOB facility the shipping cover and portable pressuriza- 
tion unit are removed. The pallet/canister are then lifted off the 
transporter and Installed in the Orbiter cargo bay simulator (workstand or 
fixture) that is designed to simulate the cargo bay both dimensionally 
and functionally. 

Hiis fixture will verify the volume or envelope clearances and pallet attach 
points, as well as fluid and electrical connections which will be located in 
the same relationship to the pallet as in the actual Orbiter. If it is 
necessary (or desired), facility power, fluid stub-ups and GSE connections 
for Orbiter simulation equipment could be made part of the fixture. The 
lifting devices are removed and the pallet /Orbiter mechanical attach points 
are checked for proper connection and seating. Inspection panels and/or 
protective covers are removed and the pallet /canister will undergo receiv- 
ing Inspection (R/I) . 

Concurrent with these tasks, the equipment to be mounted /ins tailed in the 
Orbiter or at the PSS will be off-loaded, transported to the MSOB, uncrated/ 
unpacked, and processed through a similar R/I. 
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PALLET ONLY BLOCK 8.0 HATE PALLET € IGLOC 


WORKING DAYS 

**** MOVE PALLET TO INTEGRATION AREA IMSOBI 
** VERIFY HATING SURFACE READINESS 

**,^W** INSPECT/VERIFY ELEC/MECH INTERFACES 
** ALIGN IGLOO AND PALLET 
♦** MATE PALLET S IGLOO 

* VERIFY ELECTRICAL BONDING IGNOI AT PALLET/IGLOO I/F»S 
♦♦♦♦ CONNECT ELEC/MECH INTERFACES 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATKaj 

Functional Flow Number: 8.0 Applicable Concepts: All 

Title: Mate Pallet and Support System Igloo 


Principal Elements : Pallet/Experlment Igloos , Stq>port System Igloo 


2.0 ACTIVITY DESCRIPTION 

The pallet. Installed In a work stand. In the MSOB, has previously been 
mated with experiment Igloos. This activity covers the mating and Installa- 
tion of the final Igloo. The support system Igloo has been refurbished and 
maintained at the launch site and will be utilized as a flight article. 

The first step In this process Is an Inspection of the mating surfaces of 
the support system Igloo and the pallet. Verification of mating surfaces 
readiness Is required prior to a detailed Inspection of the electrical and 
mechanical Interfaces. The Igloo Installation and mating will require 
auxiliary GSE such as cranes, hoists, etc., to handle the stipport system 
Igloo. Alignment devices such as theodolites, autocolllmators bench-marks, 
mirrors, levels and targets will be used to verify the mechanical alignment. 
Prior to the physical mating It will be necessary to perform a continuity 
check of the wiring connects at the pallet /support system Igloo Interface 
bracket. This check will Include complete end-to-end checks of cell 
experiment Igloo/support system Igloo wire harnesses, experiment hardware 
connector pin assignments, and pallet/lgloos/Orblter wiring Interfaces. 

The wiring checks are verified by tracing the wire list, pln-to-pln. Note 
that end-to-end does not Imply disconnecting the experiment Igloo equipment 
cables that were previously verified during Block 3.0 (experiment Installa- 
tion), and 4.0 (experiment checkout and Integration). The mating of the 
pallet and support system Igloo will require the connection of all utilities 
that go across the pallet /support system Igloo Interface (cabling, plumbing, 
etc.). After mechanical mate and fasteners are torqued, the pallet and 
support system Igloo are ready for verification of electrical and fluid 
connections. The final steps are wiring continuity checks and electrical 
bonding (ground) , followed by a leak check of the fluid lines and 
connections. 
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PALLET ONLY BLOCK 9,0 SPACELAB INTEGRATION I NON-HABI TABLEI 


WORKING DAYS 


*♦♦♦ CONNECT GSE (SERVICE UNITS, ORB I/F SIM, € SUPPORT GSE 
** SERVICE £ VERIFY COOLANT FLOW THROUGH GSE FLO LINES £ 
* PERFORM BUS ISOLATION TESTS 
★ CONDUCT PRE-POWER SW LIST VERIFICATION TC VERIFY SW 


COLD PLATES 


CONTROL SETTINGS 


POWER UP ELECTRICAL £ FLUID LINES 
CONDUCT POWER DISTRIBUTION CHECKS 
« VERIFY CAUTION/WARNING SYSTEM OPERATIONS (SENSORS £ DISPLAYS! 

^ POWER UP SUPPORT SYSTEMS IGLCO IMS 
* CONDUCT COMPUTER SELF CHECKS 
♦♦ VERIFY IMS COMMANO/CONTROL 

♦ C/0 IGLOO IMS EQUIP, RECORDERS, SIGNAL CONDITIONERS, ETC 

♦ C/0 AUXILIARY EQUIP (CTTV, INTERCOM, LIGHTING, ETC) 

♦ CHECK SIG OISTR VIA IGLOO/ORBl TER UMBILICAL 

* VERIFY GROUND DATA BASE COMPATIBILITY VIA THE GOB UMBILICAL 
CONDUCT FUNCT C/0 OF SUPPORT SYS IGL/EXPMT EQUIP I/F'S 
♦ POWER DOWN P/IGL £ SUPPORT EQUIPMENT 

data review 

***** DISCONNECT GSE 

***** load NON-HAZARDOUS SUPPLIES £ CREW EQUIPMENT 
♦♦ CLOSEOUT P/IGL PANELS, HATCHES £ ACCESS PANELS 
♦♦♦ RETOUCH P/IGL EXTERIOR SURFACES WITH THERMAL 
♦♦♦ CONDUCT EMISSIVITY TESTS 

♦♦ PREP IGLOO FOR PRESSURE DECAY LEAK CHECK 
♦♦♦♦ CONDUCT IGLOO LEAK CK (24HR DECAY- I 
3RD SHIFTS) 

♦ DEPRESSURIZE IGLOO £ REMOVE GSE 

CONDUCT WEIGHT £ BALANCE TEST 


PAINT 


16HR ON 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATION 

Functional Flow Number: 9.0 


Applicable Concepts: All 


Title: Spacelab Integration (Non-Habl table) 


Principal Elements: Pallet /Igloos, Orblter Interface Simulator 


2.0 ACTIVITY DESCRIPTION 

Following assembly of the Spacelab elements Into the final flight config- 
uration (Block 8.0) and the successful completion of experiment checkout 
and Integration (Block 4.0) , the Spacelab (non-habltable) Integration 
(Level II) tests will be performed at the MSOB. The mated flight config- 
uration of the pallet /experiment Igloos and the support system Igloo will 
he referenced in subsequent ftmctlonal flow blocks as the "Spacelab (Non- 
Habltable)." When the final flight configuration pallet-only components 
are demated, they will again be referenced as "pallet, experiment igloo 
or support system igloo." The tests will Include the following tasks. 

GSE Installation and checkout. This subtask Is directed toward the Instal- 


lation and checkout of the fluid servicing units, Orblter Interface simula- 
tor and other support equipment. Servicing of the coolant loops with Freon 
and water, and gas systems are the Initial steps of this subtask. Coolant 
and conditioned air flow rates and pressures will be monitored to assure 
capability to maintain Spacelab equipment temperatures in tolerance. 

The Orblter interface simulator will be checked to verify that its inputs 
to the Spacelab are representative of the actual Orblter. The specific 
Items to be evaluated are: 

. Fuel cell/power distribution simulation 
. Orblter signal simulation 

. Orblter payload specialist station (PSS) equipment 
. Umbilical Interfaces 
. Data management systems 
. Computer and peripheral equipment 
. Operator console 

Verification of the functional performance of all GSE to be utilized during 
test Is necessary prior to start of actual Spacelab Integration. 

Prepower checks and Spacelab (non-habltable) fxmctlonal checkout . Spacelab 
functional checkout of the pallet and Igloos will begin after the GSE has 
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ACTIVITY DATA SHEET Sheet 2 of 3 

2.0 ACTIVITY DESCRIPTION (CONT) Flow Number: 9.0 

been certified as on-line and ready to support testing. This block con- 
sists of the following tasks. 

. Perform bus isolation tests to verify that all loads have been 
removed from Spacelab bus, and determine the impact of sequen- 
tial loading during Integrated testing (i.e. , current versus 
load tests). 

. Conduct a prepower-up switch list check to ensure that there 
will be no spurious or unknown loads applied to the Spacelab 
bus at the start of testing and to verify control /switch 
positions are proper prior to the application of Spacelab 
power. 

. Upon completion' of bus isolation and switch list verification, 
power-up of Spacelab electrical and fluid systems will occur. 

Bus volt ages /current and coolant flow will be carefully mon- 
itored during power-up. 

. Power distribution checks will be conducted to verify contin- 
uity and operation of each circuit, including verification 
that all indicators are consistent with the operation performed. 

. Spacelab caution/waming system operation will be verified prior 
to start of system testing C/W. Push-to-test circuits, re-sets, 
and talkbacks will be checked. All C/W sensors and displays 
must be working properly before system testing can begin. 

. The Spacelab IMS will be the first to be activated. Since the 
computer is fundamental to the command and control of other 
Spacelab systems, it is necessary to establish its operability 
by utilizing a compueter self-check routine. When proper 
computer operation has been verified, command and control tests 
will be conducted to establish operational states of that portion 
of the Infotmation management system (IMS). These tests will 
utilize special computer routines that verify command and 
response functions prior to exercising actual control by the IMS. 
These tests are procedural verification checks. Computer 
peripheral equipment, line printers, recorders, etc., are also 
evaluated during these computer tests. 

. The final activity of this sub task is the Spacelab functional 
checkout of support systems and experiment equipment interfaces. 
Control and command of Spacelab functions will be accomplished 
utilizing the IMS system. Manual emergency backup modes that 
utilize the crew will also be evaluated where they occur. Experi- 
ment equipment interfaces are the only factors to be evaluated 
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ACTIVITY DATA SHEET Sheet 3 of 3 

2.0 ACTIVITY DESCRIPTI(»J (CONT) Flow Number: 9.0 

during Spacelab Integration; l.e. , experiment operations and 
functions were assessed during the experiment Integration 
tests and will not be repeated. Following completion of 
Spacelab functional tests , the Spacelab and GSE are powered 
down for a review of accumulated data. 

Data review . A data review of Spacelab Integration test data will be 
accomplished with participation by NASA and' contractor personnel. All 
recorded data from tapes, charts, annotated procedures, etc., will be 
examined prior to approval for test teardown. A formal review of one 
day, as shown In the test flows, assumes that some reduction and tabulation 
of data have been occurring throughout the progress of the Spacelab 
Integration tests. 

Disconnect GSE and load non-hazardous supplies . Following approval of the 
Spacelab Integration teat (Level II) data results, the Orbiter interface 
simulator set and the auxiliary GSE utilized will be disconnected from the 
pallet/igloos. Non-hazardous supplies needed by the experiments or the 
support system igloos will be loaded at this time. Radioactive sources, 
pyrotechnic devices, high-pressure gases or time-critical experiments 
(l.e., samples) will be loaded at the launch pad. After loading is com- 
pleted, access panels and cover plates will be installed the the Spacelab 
closed out. 

Emlsslvlty checks and Spacelab leak— checks . Following closeout of the 
Spacelab, the surfaces e3q>osed to solar radiation in space may require 
application or touchup with thermal paint. Emlsslvlty tests are then 
conducted to verify specification requirements of the ratio of solar 
absorption to emlsslvlty (a / e ) . 

In parallel with the emlsslvlty tests, preparations for Spacelab pressure 
decay leak check will occur. This latter activity Includes connecting 
pressurized Igloos or other containers to a gaseous fluid distribution 
system for pressurization with an Inert gas such as nitrogen (N 2 ). These 
containers will be pressurized and leak checks performed. After satis- 
factory completion of leak-rate checks, pallet pressure containers will be 
depressurized and the test setup disconnected. 

S pacelab weight and balance . Weight and balance checks of the pallet and 
Igloo In as near flight configuration as possible will follow the leak 
checks. Load cells are to be used to determine gross weight and center- 
of-gravity values for the Spacelab. Items not loaded because of other 
considerations will be accounted for analytically. Verification that the 
center of gravity and gross weight are within Orbiter tolerances is 
necessary before the payload can be loaded aboard the Orbiter. 
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PALLET ONLY BLOCK 10,0 ORBITER CARGO INTEGRATION 


:tii3in^itiitim*im******Z*******3*******^*****‘**5 FORKING DAYS 


8 HOUR WORK DAY 

WORKING DAYS 


7 

M 

N3 

NJ 


♦♦ CONNECT LIFTING DEVICES TO PALLET/IGLOO 

LOAD P/IGL IN SHIPPING CONTAINER, SECURE 6 REMOVE LIFTING DEVICES 
*♦ INSTALL SHIPING CONTAINER COVER £ SECURE 
♦♦ MOVE P/IGL £ PSS/ORBITER EQUIPMENT TO GPF 

off load P/IGL £ PSS/ORBITER EQUIP AT OPF £ REMOVE LIFTING DEVICES 
♦ VERIFY ORB READINESS TO INSTALL PSS/CRB EXPMT SUPPORT EQUIP 

INSTALL PAYLOAD RELATED EQUIP IN ORB/PSS STATIONS 
♦♦ INSPECT P/IGL ELECT/MECH INTERFACES 

«»*** SERVICE P/IGLOO WITH NON-HA/ FLUIDS, LOW PRESSURE GAS £ SUPPLIES 
♦♦♦♦ INSTALL FLIGHT BATTERIES £ CHARGERS 

* VERIFY ORBITER READINESS TO ACCEPT PALLET/IGLOO 
♦♦ CONNECT LIFTING DEVICES TO PALLET/IGLOO 

16 HOUR WORK DAY 

LOAD PALLET/IGLOO IN ORBITER - VERIFY PLUGS OUT CONTINUITY 
♦ VERIFY GRB/P/IGL INTERFACES 

CONDUCT AVIONICS OPERATIONS TEST WITH ORB/P/ IGL SYSTEMS 
♦ EMC/RFI TEST WITH CRB/P/IGL SYSTEMS OPERATING 
* INSTALL/CCNNECT ORDNANCE NOT ACCESSIBLE AT PAD 
♦♦ DATA REVIEW - FINAL P/IGL FLIGHT APPROVAL 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATl®! 

Functional Flow Number: 10.0 Applicable Concepts: All 

Title: Orbiter Cargo Integration 


Principal Elements: Pallet, Experiment Igloos, Support System Igloo, 

and Orbiter 

2.0 ACTIVITY DESCRIPTION 

Orbiter cargo integration (Level I) is the final test and operations 
checkout of the Spacelab payload prior to loading it into the Orbiter cargo 
bay. It also involves the checkout and integration of the experiment 
equipment that is mounted and operated in the PSS. 

Following successful completion of the Spacelab Integrated test (Block 9.0) 
and the acceptance of the results during the data review, the pallet/lgloo 
will be loaded aboard their shipping container and transported from the 
simulator fixture in the MSOB and moved to the Orbiter Processing Facility 
(OPF). The following steps will be performed during the movement of the 
pallet. 

. Connect lifting devices to pallet/igloo. 

. Protective panels and covers are reinstalled on the pallet 
or igloo. 

. Install shipping container cover and secure. 

. Remove Orb iter /PSS equipment from simulator and prepare 
for transfer to OPF. 

. Lifting devices (slings and hoists) are attached to the pallet 
tie points and mechanical connections to the Orbiter Interface 
simulator are removed. 

. Final connection of crane/hoist and load pallet/lgloo on 
transporter. Remove lifting devices. 

. Service transporter to preclude contamination during move. 

. Transport pallet to OPF. 

. Clean external surfaces of Spacelab and PSS equipment prior 
to entry to OPF. 

. Remove soft cover set. 

. Attach lifting devices and transfer Spacelab from transporter 
to dolly. 
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2.0 ACTIVITY DESCRIPTICaj (CONT) Flow Number: 10.0 

. Remove lifting devices and secure GSE for 
storage. 

The final step of the activities will be a verification of Orbiter readi- 
ness for the installation of the PSS experiment equipment in the crew 
compartment. Following the verification that the Orbiter is available, 
the various items of experiment monitoring instruments (controls and 
displays) and the support equipment (caution and warning,* computers, 
RAU's, etc.) are installed in the Orbiter and PSS. These tasks are 
performed concurrently with the following operations : 

. Inspect pallet /igloo electrical and mechanical interface 
connections (includes wire list check, Orblter/igloo 
umbilical check, etc.). 

. Service the Spacelab with non-hazardous fluids, low-pressure 
gases and other non-hazardotis consumables and supplies such 
as film for cameras. 

. Install flight batteries and chargers. 

. Conduct Orblter/pallet/lgloo compatibility review to verify 
Orbiter readiness to accept the Spacelab. 

. Connect the lifting devices and load the pallet into the 
Orbiter payload bay. 

. Remove the lifting devices; verify plugs-out electrical 
continuity; connect the umbilical cables and fluid lines; 
install mechanical latches and retention devices. 

. With the completion of Installation of experiment equipment 
in PSS, and the Orbi ter/pallet/igloo Interface verification, 
the Orbiter avionics test (OAT) will be conducted. This 
avionics operations test performed in conjunction with the 
Orbiter avlOTiics checkout, verifies that the Orbiter perform- 
ance monitoring system (PMS) , computer, telemetry, caution 
and warning (C&W) and other avionics functions are compatible 
with the IMS. 

This activity is considered to be an integral part of the Orbiter launch 
preparation operations and does not add to the Spacelab test and opera- 
tions time or cost. The test is designed to verify that the following 
specific operations occur; 

. The caution /warning displaysare driven by the Orbiter C/W 
crlvers . 
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2.0 ACTIVITY DESCRIPTION (C(»rr) Flow Number: 10.0 

. The GMT, MET, navigation and orientation data are transferred 
to the pallet IMS; the pallet /subsystems performance monitor- 
ing data are processed by the Orblter pre computer. 

The Orblter payload data Interleavers Insert the data Into the 
Orblter PCM mlt. 

• The Orblter command decoder transmits the commands to the pallet 
IMS. 

. The audlo/lntercom system Is operable. 

. The pallet IMS can transfer wlde-band data to the Orblter 
transmitter. 

Innnedlately after successful completion of the OAT, there will be an 
EMC/rfI test. 

Electromagnetic compatibility and non-RF Interference between the Orblter 
and pallet subsystems are to be demonstrated by concurrent operation of 
the Orblter and pallet /sub sys terns . Note that almost all experiment sensors 
and electronics are neither susceptible to, nor emitters of, radiation In 
the Orblter communications frequency bands ; therefore , the sensors need 
not be activated. Potential noise generators (servo motors, solenoids, 
and pmups) have been suppressed by design requirements and demonstrated to 
be "clean" prior to the experiment (Level IV) integration. EMC Is to be 
demonstrated by monitoring the Orblter power distribution loads, voltages, 
etc. (via the Mission Specialist Station) , plxjs the Orblter avionics as 
the pallet/subsystems are exercised. Detected interference will be located 
and corrected, using EMI/RFI instrumentation. 

The final two steps of this activity are the installation/connection of 
ordnance devices In locations that will not be accessible at the pad and 
the data review of the Orblter cargo Integration test results, ^nal data 
review of the Orbiter/pallet Integration results will be performed by user, 
crew (astronaut-scientist, PI), PI, safety and mission control representa- 
tives. The review approval is necessary to the final flight plan approval. 

With final approval of the pallet readiness, the Spacelab systems are 
secured, GSE removed and all access panels replaced. This operation con- 
cludes the pallet/lgloo activity In the OPF. Following cargo bay closeout, 
the Orblter Is moved into the transfer aisle of the VAB, vertically erected 
and placed In one of the high bays. No further access to the pallet Is 
anticipated until launch countdown operations at the pad. 
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PALLET ONLY BLOCK 11,0 LAUNCH OPERATIONS 


4t^mmf***l**m<ti***Z*t**’ti**3******4^*******5 WORKING DAYS 


**^^f*^m**mif*>¥****’¥<t^*****’¥****^**** 16 HOUR WORK DAY (ORBITER TIME LINE) 

♦ CONDUCT FINAL PAYLOAD PRE-LAUNCH FUNCT TEST (PARR W/OPB LRV TEST) 
* FINAL DATA REVIEW 
♦ LOAD TIME CRITICAL CONSUMABLES 
LOAD HAZARDOUS CCMSUMABLES 
♦♦ DISCONNECT FLUID DISTRIBUTION SYSTEM 


♦ CLOSEOUT P/IGL/PSS SYSTEMS FOR LAUNCH 


* LAUNCH 
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1.0 ACTIVITY IDENTIFICATION 
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Functional Flow Nxmber: 11.0 Applicable Concepts: All 

Title: Launch Operations 


Principal Elements: Pallet, Igloos, Orblter 


2.0 ACTIVITY DESCRIPTION 


The launch operations (Block 11.0) steps cover the pallet activities at the 
pad from the conducting of the final payload prelaunch functional test, 
and run In parallel with the Orblter launch readiness verification (LRV) 
test, through the closeout of the pallet /Igloo /PSS systems for launch. 

The completed steps are as follows. 

Final payload prelaunch functional checkout . This checkout Is required to 
verify the functional operability of the pallet/lgloo and experiment sys- 
tems. It Is not designed to obtain quantitative performance data for 
future analysis, but rather to ensure that the equipment continues to 
function following the erection of the Orblter and the subsequent move to 
the launch pad. 

The payload systems. Including experiment equipment, will be operated to 
verify system operability; to determine operational anomalies; and to 
effect repairs or document out-of-llmlt tolerances and their ultimate 
disposition (l.e., go, no-go, change, modify, or use as-ls). In general, 
the checkout will not require Input stimulus to the experiment sensors 
which, although powered, will be monitoring static or ambient conditions. 
Mechanical devices such as antennas /booms will not be deployed. This final 
payload prelaunch functional test Is to be performed In parallel with the 
Orblter latmch readiness verification. 

Following the functional test, a data review will be conducted with 
principal Investigator (PI) participation. 

Final data review . A review of the data obtained from the final payload 
prelaunch functional test will be conducted at this time. The review will 
be performed by the tiser, flight crew. Pi's, and safety /miss Ion control 
representatives. 

Any malfunctions, out-of-tolerance conditions, or discrepancies detected 
will be resolved at this time. The determination will also be made at 
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ACTIVITY DATA SHEET Sheet 2 of 2 

2.0 ACTIVITY DESCRIPTKM (CMiT) Flow Number: U.O 

this time whether to fly «is-ls, replace, or repair. Any revisions to the 
final flight plan will also be accomplished during this data review. 

Load tlme-crltlcal consumables . After the data review, all time-critical 
cousumables such as film, recording tapes, etc., will be loaded. Because 
of the critical relationship of the operations to the time of the final 
launch countdown, at this time such operations should be minimized or 
eliminated wherever possible. 

Prepare for and load hazardous materials. The next task Involves the 
loading of hazardous materials and the final closeout of the pallet/lgloo 
prior to launch. 

Certain safety-related Items that constitute hazards to personnel or 
equipment must be loaded during countdown. Some of the Items falling Into 
this category Include cryogens, hypergollcs, high-pressure gases, radia- 
tion sources, etc. These materials should be the final Items loads since 
optimum pad operations would be to deny access to all but the flight crew 
after such loading. Preparation for loading these hazardous consumables 
Include the following steps. 

. Connect the fluid distribution systems for hazardous consum- 
ables (cryogens, hypergollcs, and high-pressure gases) to the 
access ports on the Orblter. 

. Connect the fluid distribution system to the sources: 

(1) Orblter propellant supplies- or (2) portable supply 
tanks such as a portable dewar. 

[This system (If required) would be a special GSE Item. ] 

. Inspect all connections for correct attachment, connection 
seating, and valve settings before beginning the transfer. 

The final task of this activity is the transfer of the hazardous consum- 
ables from the source to the pallet/lgloo and experiments. 

Disconnect fluid distribution system . After transfer of hazardous consum- 
ables Is complete, the connections at the pallet/lgloo access ports and 
the supplies are disconnected and sealing of the connection points are 
verified. 

This completes the pallet/lgloo experiment closeout activities prior to 
laimch. 
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PALLET ONLY BLOCK 13*0 POST FLIGHT OPERATIONS 


MCRKING DAYS 

I^i^^^ittm************** 16 HOUR WORK DAY (ORBITER TIME LINE! 

* ORBITER LANDING 

ORBITER POST LANDING ACTIVITIES IREF) 

**** REMOVE EXPERIMENT RELATED EQUIPMENT FROM ORBITER COMPARTMENT 
♦♦♦♦ CONNECT LIFTING DEVICES TO PALLET/IGLOC 6 REMOVE PALLET/ IGLOO 
begin 8 HOUR WORK DAY/ 40 HOUR WORK WEEK 
««***«** pftEP £ SHIP PSS/ORB mounted EXPMT EQUIP TD USER/IC INOT A 
SERIAL TASK} 

♦♦ CONNECT LIFTING DEVICES - REMOVE SUPPORT SYS IGL 

** LOAD P/IGL IN SHIPPING CONTAINER C SECURE 

♦ INSTALL SHIP CNTR CCVR £ PORT PRESS UNIT - ACTIVATE 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATI®! 

Functional Flow Number: 13.0 
Title: Post-Flight Operations 


Applicable Concepts: All 


Principal Elements: Pallet/Igloo/Orbiter [Spacelab (Non-Habltable) ] 


2.0 ACTIVITY DESCRIPTION 

These activities are a part of the Orbiter saflng activities and will be 
performed In parallel with the analogous Orbiter operations. Mobile 
cooling Is attached, and the Orbiter Is towed to the OPF within two hours 
of landing. After venting, purging, etc. (about 16 hours after landing), 
the cargo bay doors can be opened. Approximately 8 hours are allocated to 
disconnect and remove the payload (pallet) . Orblter/payload saflng 
activities Include the following. 

. Post-flight operations commence with the Orbiter landing. 

After landing, the Orbiter will be towed to the saflng area 
where It will be allowed to cool. Resld\ial propellants will 
be drained aid high-pressure gases vented. The Orbiter Is 
then made safe In all areas. 

. The same saflng operations will be made on the pallet, with 
all hazardous propellants (If any) drained and high-pressure 
gases vented. Pallet batteries will also be removed at 
this time. If feasible. 

The flight crew and scientist-astronauts egress at this time, and any time- 
critical experiments and data are off-loaded. Films, data samples and data 
tapes are removed and sent to the experiment ground data facility. 

Concurrent with the off-loading of the pallet /igloo, the experiment equip- 
ment mounted in the PSS are removed. The PSS-mounted experiments and 
auxiliary equipment will be packaged at the launch site and sent directly 
to the user /PI for further disposition. Common payload support equipment 
Such as meters, displays and controls or CRT's, etc., will be sent with 
the pallet and experiment Igloos to their owner (either the integration 
center or user) for subsequent refurbishment and checkout. The containers/ 
crates in which the packages are sent are the same ones that were used to 
transport this equipment to the launch site originally. Because this 
effort is post-mission, the time estimates will be somewhat shorter on the 
equipment-return phase. 
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2.0 ACTIVITY DESCRIPTICW (COffT) Flow Number: 

Upon completion of Orbiter saflng^ it is towed to the OFF where the Orbiter 
is Jacked and leveled; work platforms are Installed around the Orbiter, 

GSE connected, cargo bay. doors opened, snd the pallet is readied for 
removal from the cargo bay. 

The pallet will be disconnected at the pal let /Orbiter 
Interface attach points along with the umbilical, fluid 
lines and electrical cables. 

. Pallet/Orblter retention devices will be released. 

. Pallet lifting devices (slings /hoists) will be Installed. 

. The pallet is then removed from the bay and placed on its 
transporter. The pallet is tied down and the lifting 
devices are removed. 

Ihe support system igloo is then disconnected at its Interface to the 
pallet and experiment Igloos. The support system igloo is removed from 
the pallet and placed on its handling dolly. 

The final task of this activity is the Installation of the shipping con- 
tainer cover and tie-down, followed by installation and activation of 
the portable pressurization unit. 
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PALLET ONLY BLOCK lA.O REFURBISH SUPPORT SYSTEM IGLOO 


♦ ♦♦♦»**1*****^*2*******3****’*‘**4*^*****5****»**6*****»*7***'*‘^*'»‘8 hORK ING DAYS 

MOVE SUPPORT SYSTEMS IGLCO TO REFURBISHMENT AREA 
*»♦« REMOVE SYS IGLOO ACCESS BULKHEAD L CONDUCT POST FLIGHT INSPECTION 

♦*♦♦♦♦♦♦ DRAIN, FLUSH, DRY £ CAP COOLANT SYSTEM - REPLACE/CLEAN FILTERS 
VERIFY OPERABILITY OF FLUID SYSTEMS COMPONENTS 
♦♦♦♦ INSPECT CABLES, CONNECTORS £ FLO LINES - REPAIR ANY DAMAGE 

««*4<««*«»****««*4>«««««** REFURBISH £ VERIFY OPERABILITY OF IMS 

COMPONENTS 

** INSPECT S/S IGL/PALLET MATING 

SURFACES FOR CORROSION/STRESS CRACKS 
♦♦ CLEAN/POLISH MATE SURFACES, ALOOINE 
£ REPAIR ANY DAMAGE 
♦* VACUUM CLEAN INTERIOR £ EXTERIOR 
S/S IGL SURFACES 

** PAINT/RETOUCH S/S IGL SURFACES 
WITH THERMAL PAINT 
♦♦♦* CONDUCT EMISSIVITY CKS £ 
VERIFY THERMAL 
CHARACTER ICT ICS 
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ACTIVITY DATA SHEET 

1.0 ACTIVITY IDENTIFICATjPON 

Functional Flow Number; 14.0 Applicable Concepts: All 

Title: Refurbish Support System Igloo 


Principal Elements : Support System Igloo 

2.0 ACTIVITY DESCRIPTION 

Jfiis activity describes the test and checkout requirements for the refurb- 
ishment of the support system (S/S) Igloo subsystems. The approach 
utilized In the refurbishment of the S/S Igloo will be a replacement of 
expendables or degraded parts with conqjonents that are either new, or have 
been through a maintenance cycle. These replacement components would have 
been checked out prior to Installation. An example would be a TV camera. 
Mter 200 hours of operation, the vldlcon image tube must be replaced. 

After replacement, the entire focusing, deflection, gray scale, etc., must 
be tuned. This is a bench operation; it is not appropriate to do this 
tuning in-place. It Is more efficiently accomplished in an electronics lab. 
The entire camera would be removed and replaced after it is refurbished with 
a spare. Ihe actual repair, test and certification of components and sub— 
assenfclies would be accomplished in a lab. It is considered to be off-line 
and not a part of the service module test and checkout operation flow. 

After each mission the S/S igloo subsystems will not be completely dis- 
assembled, checked, and then reassembled. Only those components that have 
failed on previous missions, or have reached the replacement stage because 
of the nuuLer of cycles they have performed or the total elapsed time they 
were used, or expendables that are replaced after each flight. Therefore, 
refurbishment and modification shall be on a remove-and— replace basis . i 

The S/S igloo checkout is accomplished in a "stand-alone" configuration — 
that is, separate from the effort related to the pallet and the experiment 
Igloos. Hie s/s igloo subsystems are relatively standard for each mission; 
therefore, the conqionents and procedures for demonstration of capabilities 
are also standard. Simulators were assumed to be used for subsystems 
checkout and represent' pallet/support system Igloo/experlment igloo inter- 
faces. Removing the S/S igloo from the pallet /experiment igloo test and 
checkout should result in faster (more efficient) recycling. 

After all subsystems have been refurbished, the S/S igloo information 
management system (IMS) will be system-utilized for checkout of other 
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ACTIVITY DATA SHEET Sheet 4 of 4 

2.0 ACTIVITY DESCRIPTION (CONT) Plow Number: 14.0 

- Examine the. mating surfaces of the S/S Igloo, including 
attach bolts; inspect for corrosion and stress cracks. 

- Clean and polish surface deteriorations ; repair where 
required, and alodine the mating surfaces 

- Examine igloo structure for stress /degradation; repair 
as required. 

- After the igloo has had the subsystem components removed, 
tile support brackets and both interior and exterior sur- 
faces are vacuumed and cleaned. 

- Paint and retouch the igloo surfaces with thermal paint. 

- Conduct emlsslvity checks of the painted surfaces of the 
igloo and verify that it demonstrates the required thermal 
properties . 
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PALLET ONLY - BLOCK 15.0 PALLET/IGLOO SHIPMENT 


4(«4>i^«*i^]^4E«4i4[4t««2’t‘******3*******4*******54>4>*****6 WOPKING DAYS 

** MOVE P/IGL 6 PSS EQUIP TO POINT OF EMBARKATION 
** LOAD P/IGL AND PSS EQUIP ABOARD CARRIER 
♦ SHIP P/IGL AND PSS EQUIP FROM LAUNCH SITE 

P/IGL € PSS EQUIP ENROUTE FROM LAUNCH SITE 

* P/IGL ARRIVAL FROM LAUNCH SITE 

* PSS EXPMT RELATED EQUIP ARRIVAL FROM LAUNCH SITE IREFI 
««««* OFF LOAD P/IGL £ TRANSPORT TO EXPMT INTEGRATION AREA' 

REMOVE SHIPPING COVER AND PRESSURIZATION UNIT 
**♦ CONNECT LIFTING DEVICES TO P/IGL - REMOVE TIE DOkNS 
♦♦♦♦ REMOVE P/IGL £ PLACE IN FIXTURE - REMOVE LIFTING 
DEVICES 

REMOVE PANELS/COVERS - CONDUCT R/ I 



Space Division 

Rockwell International 



Space Division 

Rockwell International 


Sheet 1 of 1 


ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATI(»I 

Functional Flow Number; 15.0 
Title; Pallet/Igloo Shipment 


Applicable Concepts: All 


Principal Elements: Pallet/Igloos 


2.0 ACTIVITY DESCRIPTION 

After conq>letlon of the post-flight operation (Block 13.0), the pallet and 
experiment Igloos are prepared for and shipped back to the user (VIII) or 
the IC (VI and VII) . The activities of this block are concerned with the 
actual movement of the previously prepared pallet , experiment igloos and 
PSS-mounted experiment equipment to the point of embarkation. This will 
be the landing site for the aircraft (Boeing 747 or Guppy) that is used 
to ship these containers to their refurbishment sites. The preparation/ 
crating and handling of these packages and experiment equipment are dis- 
cussed in Block 13.0. 

The plans have included a two-day period for air shipment of the pallet/ 
experiment igloos and the PSS equipment. 

lft)on arrival at the owner's facility, the pallet/igloo will be off-loaded 
from the air carrier and placed on transporter and moved to the experiment 
integration area. Once the equipment has been secured in position at the 
owner's site, the portable pressurization unit will be deactivated and 
removed. After removal of the shipping cover (pallet/igloo), and opening 
of shipping containers (PSS experiment equipment), all packages /equipment 
will undergo a receiving inspection to determine the condition and evaluate 
the potential of any in-process shipping damage. 

The receiving inspection (R/I) on the pallet and igloo will be conducted 
after the lifting devices (slings and hoists) have been connected and the 
pallet is placed on a work dolly and all inspection plates /panels /covers 
have been removed. After conqjletlon of R/I, the pallet/igloo will be 
ready to have the experiments removed from the pallet and experiment igloos. 
These experiments, along with their associated equipment that was mounted 
in the Orbiter, will be returned to the PI for refurbishment and/or reuse 
on subsequent missions. This activity is not considered to be a primary 
part of the pallet test and operations flews. Experiment refurbishment is 
an off-line activity and does not impact the serial processing items. 
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PALLET ONLY BLOCK 16,0 REMOVE EXPERIMENTS/EQUIP FROM PALLET/ IGLOO 


««4c««4i4iX4‘*****’*‘2***t‘’<‘*’t‘3*’*'’*‘*’^**4*’t>**4>«4<5*****4‘’t‘6 WORKING DAYS 

0*m********^rt‘^***m****m* REMOVE EXPERIMENTS 6 SUPPORT EQUIPMENT FROM PALLET/IGLOO 

^t****^********* REMOVE EXPMT SYSTEM CABLING, LINES £ BRACKETS 

FROM PALLET £ IGLOO 
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ACTIVITY DATA SHEET 

1. 0 ACTIVITY IDENTIFICATIOI 

Functional Flow Number: Appllcrf>le Concepts: All 

Title: Bemove Experiments and Equipment from Pallet /Igloo 


Principal Elements : Pallet /Experiment Igloos 


2.0 ACTIVITY DESCRIPTION 

Block 16.0 has two principal activities: 

. Removal of experiments and support equipment from the 
pallet and igloo. 

. Removal of experiment system cabling, lines and brackets 
from pallet and igloo. 

In Concepts VI and VII, this effort will be performed at the integration 
center (IC), with the experiments then being packaged and shipped to the 
user/PI. In Concept VIII, the entire T&O processing flow occurs at the 
user 8 facility; therefore, these removal activities will not be followed 
by an experiment shipment. Since there may be a very Umited amount of 
reflylng of experiments, the initial activity in the process of refurbish- 
ing the pallet/lgloo will be the removal of the experiments and associated 
equipment from the pallet and igloo. These removed experiments will be 
packaged/crated and sent to the refurbishment area at the user's facility 
to be refurbished and stored, refurbished and returned to central supply. 

Or returned to the affected PI. 

This refurbishment of the experiments to be reflown is not included in this 
study. Those to be reflown on the next mission, however, must be reconfig- 
ured/refurbished, retested, and prepared for return to the experiment 
integration area within TBD dajrs. 

In addition to the ejq>erlment equipment that is removed from the pallet/ 
igloo, there are cables and brackets that have to be removed and/or recon- 
figured prior to the installation of the next flight's complement of 
experiments. 

Flew paths of the removed equipment will have to be capped. At the same 
time, these lines can be checked to verify that there is no fluid contamin- 
ation. 
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2.0 ACTIVITY DESCRIPTION (COST) Flow Nmber: 16.0 


Ihe extended digital data base (XM)B) equipments (RACU, BIU) will be 
removed and transferred to the maintenance bench for checkout md repair. 
Ihey will be reinstalled with the new experiment complement. Ihe next 
step will involve a check of the condition of the cautlon/vamlng indica- 
tors, vehicle instrumentation and signal conditioning, and circuit breaker 
operation. Replacements will be made as necessary. 
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PALLET ONLY BLOCK 17,C EXPERIPENT SHIPMENT 


mn‘m*>t‘**l**m**’t‘*Z*******3*******<‘t MGRKING DAYS 


^f^^L**m****** PREP EXPERIMENTS FOR SHIPMENT TO USER/PI FACILITY 
♦ SHIP EXPERIMENTS TO USER/PI 

m***mm** EXPERIMENTS ENROUTE TO USER/PI FACILITY 


* EXPERIMENTS/EQUIP ARRIVAL AT USER/PI FACILITY 
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ACTIVITY DATA SHEET 


1.0 ACnVITT IDEMTIFICATiaf 

Functlcaal FLov Htatfier: 17.0 Applicable Conoepts: aii 

Title : Experiaent Shlpaent 


Pr inc ipal Eleaents s Ezpexlaents and Auzlllazy Eqnlpaent 


2.0 ACTIVITY JDESCBIPnOH 


Thlfi activity involves the preparation for and shlpaent of »»n rhe e^f^rl- 
aents, e^erlaent support eqolpaent, wire haxn^ses, brackets, etc., leaoved 
froB both the pallet and igloo. 

Each instrument and piece of equlpaent will be sealed in a weather~proof 
bag with desiccant and plai^d into Its shipping cumtainer/cxate. Eaih 
shipping cont a i ne r will be sealed and piressttzised with an inert gas (092) 
for environmental protection. 

These items will then be delivered to an air freight site, loaded on-board 
a coanerclal carrier, and sent to the user's facility for future disposi- 
tion. Special arrangements will be made for transporting equipment too 
large for air frel^t (on an indlvldnal basis). 

For planning and scheduling purposes, an estimate of one d^ will he used 
for transporting the experiments and s i yp ort equipment to the user's 
facility. 

Those experiments/sopport equipment to be reflown on the next mission aist 
be refuxbished/reconflgnred, retested and ready to be returned to the 
experiment Integrator's facility within TBD daps. 
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PALLET ONLY - BLOCK 1 8, 0 REFURBISH/RECONFIGURE PALLET AND IGLOO 


WORKING DAYS 

CRAIN/FLUSF P/IGL COOLANT LOOP - REPLACE/CLEAN FILTERS 
♦♦ SERVICE COOLANT LOOPS - ESTAB CIRCULATICN LOOPS - CONDUCT FLOW PERFOR CHECKS 
PERFORM FUNCT CHECK OF PWR CONDITIONING ECUIP ON PALLET C IGLOO 
♦* REMOVE TEST CIRCULATICN LOOPS - CAP/BAG COOLANT LINES 

♦* REMOVE BRACKETRY/STRUCTURAL ELEMENTS NOT REQUIRED ON SUBSEQUENT FLIGHTS 

REMOVE ATTACH BOLTS AT P/IGL I/F - MOVE DOLLIES APART MAINTAINING ALIGNMENT 
* EXAMINE MATING SURFACES/ATTACH BOLTS FOR CORROSION/STRESS CRACKS 
♦* CLEAN/POLISH SURFACE DETERIORATIONS - ALODINE SURFACES - REPAIR AS 
REQUIRED 

EXAMINE/INSPECT P/IGL STRUCTURE FOP STRESS/DE6RACATI0N - REPAIR AS 
REQUIRED 

** VACUUM/CLEAN P/IGL SURFACES 

PAINT/RETOUCH SURFACES WITH THERMAL PAINT 
•** CONDUCT EMISSIVtTY CHECKS CF PAINTED SURFACES - VERIFY THERMAL 
CHARACTERISTICS 
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PALLET ONLY - CONCEPT VI - BLOCK 19.0 PCST REFURBISHMENT PALLET/IGLOO SHIPMENT 


^mi^itnnti^liti;ttj^^^i^ft4[2.*******3*******^*******5*******b WORKING DAYS 

♦* INSTALL IGLOO HATCH COVER/SEAL 

MATE P £ IGL - INSTALL/TORQUE ATTACH BCLTS - VERIFY ALIGNMENT 
* VERIFY CURRENT PROOF LOAD OF LIFTING DEVICES 
CONNECT LIFTING DEVICES TO PALLET/IGLOO 
♦♦♦* LOAD P/IGL IN SHIPPING CONTAINER ON XPOPTER - TIE DOWN 
♦♦♦♦ INSTALL SHIPPING CONTAINER COVER - REMOVE LIFTING DEVICE 
♦♦ MOVE P/IGL TO POINT OF EMBARKATION 
* LOAD P/IGL ABOARD CARRIER 
♦ SHIP P/IGL TO USER FACILITY 
mmm****m*^**m*** P/IGL ENROUTE 

♦ P/IGL ARRIVAL 

OFFLOAD P/IGL 6 XPORT TO EXPMT INTEGRATION AREA 
♦ VERIFY CURRENT PROOF LOAD OF LIFTING DEVICES 

REMOVE SHIPPING CONTAINER COVER C PRESSURIZATION 
UNIT 

REMOVE P/IGL FROM XPORTER - PLACE IN FIXTURE 
- TIE DCWN/REMOVE LIFTING DEVICE 
♦♦ REMOVE PANELS, COVERS £ ACCESS DOORS - 
CONDUCT R/I 
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ACTIVITY DATA SHEET 


1.0 ACTIVITY IDENTIFICATiai 

Functional Flow Hoeber: 19.0 


Applicable Concepts : VI 


Title: Post-Befmblsfaaent, Pallet /Igloo Shlpaent 


Principal EleMnts : Pallet /Ezperlaent Igloos 


2.0 ACnvITT IffiSCRlPTIOH 

In this concept (VI), the pallet aid igloo are oened and salntalned by the 
integration cente-r (IC). After refoabishnent , they are shipped to the 
user’s facility for ei^riaent installation and (dieckout. This blof±^ 
includes the activities relating to that shlpaent. 

. The hatch covers and seals will be Installed on the igloos 
and closed out. 

. The pallet and Igloo aecdianical mating with alignment and 
torquing of attach bolts will be coa^leted. 

• After veriflcatian of current proof load of the lifting - 
devices, the pallet/lgloos will be loaded in the shipping 
container on the transporter and tied dmn. 

. The shipping cover will be Installed over the pallet/iglooe. 

The lifting devices will be disccHinected and removed. The 
shipping cover will be secured to the transporter. The 
portable pressurization unit will be activated to maintain a 
positive pressure within the canister during transit. 

. After these pre-shl]»ent preparations have been completed, the 
pallet/igloo (in their shipping canister) will be moved to the 
airfield and loaded aboard the air carrier for shipment to the 
user’s facdlity. 

. As in other concepts , two days have been utilized as the time 
in transit for the pallet-only (pallet /lglcx>) . When this time 
period is over, the pallet/igloo will be off-loaded from the 
a-iT carrier and transported to the user's e:q>erlment integra- 
tion area idiere it will be off-loaded from the transporter. 

The portable pressurization mlts are disconnected and the 
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ACTIVITY DATA SHEET Sheet 2 of 2 

2.0 ACTIVITY DESCRIPTIC»I (CONT) Flow Number: q 


shipping cover is disconnected and removed. Lifting devices 
are attached to the payload and it is placed in a work stand 
(fixture) and tied down. 

. The final task will be to remove the panels , covers and access 
door and conduct a receiving inspection of the pallet segments 
and the e3q>erlment Igloos to determine if there has been any 
damage during shipment. 
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APPENDIX E. SYSTEM COST MODEL 

1.0 INTRODUCTION 


The SCM is a generalized cost compilation model applicable to any system 
whose elements are organized in a WBS tree (or correspondingly indentured) 
format. Costs are computed based on data and instructions input to the model 
for each element of the WBS (work breakdown structure) tree. The model then 
computes the costs, based on the input data, and sums the costs to each suc- 
cessively higher level item within the tree. 

Costs may be spread by selection of a begin, peak, and end period and 
selection of one of five spreading curves for each element. The spreads are 
then summed to give total spreads for the entries at each level of the WBS 
tree. Each cost element in the tree may be coded to indicate cost categories 
such as non-recurring, recurring, operations, or other desired categories. 

Up to 99 categories are possible. The costs may then be summed and printed 
out separately for each category at each level of the WBS tree. Cost data 
are entered in the model, for each element to be costed, in the form of up to 
five numbers (A, B, C, D, and E) designating any desired parameters such as 
man-hours, labor rates, cost per pound, weight, etc., and by the designation 
of a particular equation for combining these parameters to compute cost. This 
procedure is illustrated in Figures E-1 and E-2. 

A separate "rate card" provides for entering up to nine rates or ratios 
such as labor rates, overhead, procurement cost ratio, etc., on a single card 
and using them by reference wherever desired in the cost data inputs for the 
WBS elements. On successive computer runs the rates can be changed on the 
single card and the effect on total costs computed parametrically. 

Printouts of the model are illustrated in Figures E-3 through E-6. 
Printouts derived from a computer run of the model can consist of either a 
"no-spread" printout, a "spread" printout, or both. Figure E-3 shows the 
cost data without the spreads. The spread printout (Figure E-4) shows the same 
information as in Figure E-3, except that the costs of each element are spread 
to periods of time as determined by the input data. Figures E-5 and E-6 show 
the same information as Figures E-3 and E-A, respectively, except that they 
Include the costs in a selected cost code category only. A printout of the 
input data is also provided. (See Figure E-17 in the Example of Input Data 
section.) A technical description of the program model Is contained in 
Section 3.0. 
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1. Identlflcatlcm of Five Costing Parameters, A, B, C, D, and E 


w 

I 

M 


Examples ; 


Man-Hours 
Labor Rates 
Number of Personnel 
Time 

Fixed Cost Inputs 
Vendor Quotes 


CER Equation Constants 

Technical Characteristics 

Weight 

Thrust 

Memory Size, etc. 
Learning Curve Value 
Conqilexlty Factor 


2. Selection of Basic Equation for Combining the Parameters 

Card 
!ftrpe No. 

( 1 ) Cost - (AB^ X D) + E 
(D Cost - AxBxCxDxE 
® Cost - (A X B) + (C X D) + E 

Cost Level "AxBzCxDxE for uniform spread. Cost “ Cost level x 

length of spread. 

© Cost - Ratio, (A) X Cost of Another WBS Item No. (B, C, D, E) 

NOTE: ® “ (S) used (available for addition of new equations to program) 

O - Used for another purpose discussed under "Data Card Organization" 


Figure E-1. Cost Data Input 


Space Division 
R<x:kwell Internatfonal 
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COST PARAMETER INPUTS 


EQUATIONS 


Any CER; 

Cost 

Coet/Lb X Weight 
Cost 

Factors : 


A (Weight)^ 
A(Welght)“^ X D 
A(Welght) + E 



Overhead Complexity 

Learning Curve Technology Carryover 

Fixed Input or Vendor Quote : 

Quoted Price 

Cost X Quantity x Processing 

Labor Estimate ; 

People X Rate x Time 
Man-Hours x Rate 

Labor and Materials: 

(Shop Hours x Shop Rate) 

+ (Engineering Hours x Engineering Rate) 
4- Materials 

Cost-Level Input ; 

Management ■ 3-Man Level x Rate 

Rental ■ $/Month x Months 

1 

Ratio to Cost of Another WBS Item; 

Management > Z of Program 

Material Procurement ■■ Z of Material 

R&QA, Engine ■ Z of. Engine 


^Duration from Cost Spreading Data Input 


® Cost - (A X X D) + E 


® Cost >AxBxCxDxE 


® Cost • (A X B) + (C X D) -f E 


• (§) Cost ■ Cost Level, (AxBxCxDxE) 
X Duration of Period* 


Cost - A X WBS No., (B, C, D, E) 


Figure E-2. Example of Cost Data Input 
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RADIOMETER DEVELOPMENT PROGRAM 


Mas MMMaEfi 


U£M 


THOUSANDS OF 

DOLLARS 


eBOfiEiM-iaiAi is2fi«a 


10« 0. 0. 0 ANTENNA 


275.4 


1. 0 

2 . 0 

3 . 0 


ANTENNA SYSTEM DESIGN 
SPECIFICATIONS 
TOP DRAWINGS 
INTERFACE OWGS (SLI 


13.5 

9.0 

2.3 

2.3 


w 

I 


1 . 0 
2 . 0 

3. 0 

4. 0 

5. 0 

6 . 0 

7. 0 


ANTENNA HORN 

DESIGN DRAWINGS 
SPECIFICATIONS 
INTEGRATION (MIC) 
FABRICATION 
MATERIALS 

INSP C TEST PROCEDURES 
TESTINGfRANGE G PATTERN 


S3. 4 

12.0 
6.0 
7.5 
19.2 
6.9 
12.0 
19. B 


3. 


0. 0 
1 . 0 
2. 0 

3. 0 

4. 0 

5. 0 

6 . 0 

7. 0 


DEPLOY, SCAN MECHANISM 
DESIGN DRAWINGS 
SPECIFICATIONS 
FABRICATION 
INTEGRATION 
MATERIALS 

INSP. C TEST PROCEDURES 
LAB TESTING 


75.0 

12.0 

6.0 

L4.4 

12.0 

8.0 

12.0 

10.6 


4. 0. 0 


SUBCONTRCT SELECT G MGT 


4.5 


(Continued) 


figure E''3. Sample Printout, "No-Spread" 
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RADIOMETER DEVELOPMENT PROGRAM 


MBS MUIliia 


lUh 


THOUSANDS OF 

miaABi 


I PERIOD NO.} 


w 

Ln 


( 11 

( 2) 

( 3) 

1 4) 

( 5) 

( 6) 

( 7) 

( 8) 

I 9) 

( 101 

(111 

(12) 

(13) 

(14) 

(15) 

(16) 

117) 

(18) 

( 






efiQC£Atl_IllI 81 



1920. A 


68.1 

107.9 

225.8 

177.1 

204.4 

211.6 

180.2 

167.6 

138.9 

134.0 

. 84.1 

72.9 

43.9 

29.9 

27.0 

16.8 

13.9 

16. E 





• 


e-fl AUlEHtlA 



2I5*A 



19.3 

19.7 

19.6 

12.3 

29.1 

30.6 

35.0 

41.2 

47.6 

21.2 

0.0 

0.0 

0.0 

0.0 

0.0> 

0.0 

0.0 

0.0 








e.Q DfcSlfiM 



- 13ff5 


8.9 

2.2 

2.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 







AQ.._1. 1 


5g£ClElCAIlPNS 




9X0 

Ki 

1.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 0.0, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 








(Continued) 


Figure E-4. Sample Printout With "Spread" 


Space Division 

Rockwell International 



SD 74-SA-0156 


RADIOMETER DEVELOPMENT PROGRAM 


THIS PRINTOUT COVERS COST COOES: 
CODE A ■ DESIGN COSTS 
CODE S • Ot 


Has HUttaaa 


IIUl 


THOUSANDS OP 

OfliUES 


££QCaA!l-IflIAl. — 2WU 


10. 0. 0. 0 ANTENNA 


A9.5 


1. 0. 0 ANTENNA SYSTEM DESIGN 

1. 0 SPECIPICATICNS 

2. 0 TOP DRAWINGS 

3. 0 JNTERFACE OWGS (SU 


13.5 

9.0 

2.3 

2.3 


2. 0. 0 ANTENNA HOf^N 

1. 0 DESIGN DRAWINGS 

2. 0 SPECIFICATIONS 


IS.O 


12.0 

6.0 


3. 0. 0 OEPLOYt SCAN MECHANISM 

1. 0 DESIGN DRAWINGS 

2. 0 SPECIFICATIONS 


le.o 


12.0 

6.0 



20 . 0 . 
1 . 

2 . 


0 . 0 
0 . 0 
0 . 0 


NOD. e INTEGRATOR CRTS. 

SPECS. (DESIGN G PERF.I 

DESIGN DRAWINGS 

Figure E-5. Sample Code Printout, 


SI.O 


27.0 

24.0 


(Contlnuftd) 


"No-Spread" 


RockweH International 



RAOtONETER DEVELOPMENT PROGRAM 


-THIS PRINTOUT COVERS COST CODE Si 
CODE A - If DESIGN COSTS 
CODE D - Of 


THOUSANDS OF 





IIEI! 




OQLLAEi 



(PERIOD NO 

.) 








( 1) 

( 2) 

( 3) 

( 4) 

( 5) 

( 6) 

( 7) 

( 8) 


( 91 

(10) 

( 11) 

(12) 

(13) 

(14) 

(15) 

(16) 


(17) 

( 16) 

( 






w 

1 


££DfifiAM_lDIAI 

• 


ZBAal 




37.0 

72. A 

81.4 

52.3 

24.9 

13.0 

5.6 

1.4 


0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 








10^ 0. 

..A&IIENNA. 




42*5 



CO 

1A.2 

14.6 

14.5 

5.4 

0.7 

0.0 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

0.0 

0.0 
















o 

- 1. A_. Q - Q 

A10£1^4.£l£I£ll-D£SlGfil.- 



- 15*5 


K 

8.9 

2.2 

2.3 

0.0 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 








CContlnuad) 


Figure E-6. Sample Code Printout With "Spread" 


Rockwell International 



Page Intentionally Left Blank 



Space Division 
Rockwell International 


2.0 USER INSTRUCTIONS 


A detailed guide for the use of the SCM is presented in this section. 

The model was developed primarily for cost analysis of programs that utilize 
a work breakdown structure for task identification and cost summations. The 
capacity and limitations of the program are identified with specific examples 
of the options of data deck organization. Available cost code categories and 
multi- run capabilities are defined. Alternate spreading options are also 
included in the model. To facilitate the usage of the model, example data 
inputs and common results from erroneous input data are also presented. All 
user instructions are based upon the implementation of the model on an 
IBM 360 computer with the program described in Section 3.0. 

WBS TREE 

The model will compute costs in four levels of a tree and sum them to a 
system or program total, thus covering five levels in all. The levels below 
the program total are called the 1st, 2nd, 3rd and 4th levels (see Figure E-7) . 
The elements of the tree are each numbered with a four-part number designating 
their positions in the hierarchy. 


XX. XX. XX. XX 

Is't f 3rd\^ 

2nd 4th 

Each part of the number contains up to 2 digits so that each item may poten- 
tially contain up to 99 items. That is, for each first-level item, the second 
level may contain up to 99 items. For each second-level item, the third may 
contain up to 99 items, etc. There is a limit, however, in the total items in 
the model (see Capacity of the Program) . 

It is not necessary to draw the tree, but only to make an indentured list 
of the numbers and names of the items as shown in Table E-1. The WBS may be 
organized in whatever manner one desires within the four levels. When costing 
a system, it is first necessary to break the system down into items to be costed 
separately and then to determine in what groupings they are to be summed to 
arrive at the program total cost. It should be noted that this is the function 
of the WBS tree. 
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9gTO-vg-<7Z a- 0/-3 


LEVa 


CD 



-10 

PROJECT DIRECTION 

-10 

LOGISTICS 

-10 

MISSION REQUIREMENTS 

-10 

MISSION CONTROL 

-20 

COST 6 PERFORMANCE 

-20 

DOCUMENTATION 

-20 

MISSION ANALYSIS 

-20 

MONITORING 


MANAGEMENT 

-30 

AUTOCOHPUTATION 

-30 

OPERATIONS PLANS 

-30 

SCIENCE COORDINATION 

-30 

ADVANCE EXPERIMENT/ 

-Il0 

MATERIAL 

-AO 

MISSION REPORTS 


6 GROUND SUPPORT 


MISSION DEFINITION 



-50 

TRAINING 

-AO 

FLIGHT CREW 


-w 


EXPERIMENT DEVELOPMENT 
MANAGEMENT 






Figure E-7. Partial WBS Tree for ATL Integration Program 


Rockweli International 

























Space Division 

Rockwell International 


Table E-1. Illustrative WBS Listing 


1 WBS Hunbar 

WBS Title 

00 

00 

00 

00 

ATL INTEGRATION PROGRAM 

10 

00 

00 

00 

PROGRAM MANAGEMENT 

• 

• 

20 

00 

00 

00 

• 

PROGRAM OPERATIONS SUPPORT 

• 

• 

30 

00 

00 

00 

• 

MISSION ANAI.YSIS AND PLANNING 

• 

• 

40 

00 

00 

00 

• 

MISSION OPERATIONS 

• 

50 

00 

00 

00 

• 

SYSTEM ENGINEERING 

50 

10 

00 

00 

System Requirements and Analysis 

50 

20 

00 

00 

System Design 

50 

20 

10 

00 

Design Requirements and Specifications 



20 

00 

Design 




10 

Layout and Installation 




20 

Interface Hardware 




30 

Turnaround and Refurbishment Plans 



30 


Interface Control and Requirements 



40 


Cost and Commonality Analysis 

50 

30 

00 

00 

Software Development 

• 

50 

40 

00 

00 

Reliability Maintainability and Quality Control 

• 

50 

50 

00 

00 

• 

Safety 

• 

50 

60 

00 

00 

• 

Mockup 

50 

70 

00 

00 

Experiment Discipline and Project Engineering 

• 

50 

80 

00 

00 

• 

Configuration Control 


WBS NUMBERS 

The program prints out the WBS items in numerical order. Therefore, the 
items should be numbered sequentially. The numbers do not need to be consecu- 
tive. For example, in the first level of Figure E-7 the numbers 10, 20, 30 
and 40 are used. They could have been 01, 02, 03, or 11, 12, 13. Spacing 
the numbers at intervals as the tree is organized gives flexibility to add 
intervening items and numbers later if needed. The numbers at each level are 
handled by the computer as two digits so that, for example. Item 30.1.2.1 must 
be entered in the computer as 30.01.02.01 or 30.10.20.10. Do not use initial 
or intervening zeros in numbering WBS items in the program levels. Start 
numbering each level with a 01 or higher number. That is, a WBS number should 
not have an Initial pair of zeros nor an Intervening pair. For example: 
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Space Division 

Rockwell International 


00.01.01.01 

01.00.01.00 

01.00.00.01 


UNACCEPTABLE NUMBERS 


01.01.01.00 

01.01.00.00 

03.00.00.00 

04.01.02.00 

04.01.04.00 


ACCEPTABLE NUMBERS 


It should be noted that only one entry per WBS number is allowable. 

CAPACITY OF THE PROGRAM 

The capacity of the program is nominally: 

1000 WBS items (WBS cards) 

24 Spreading periods 

25 Card- Type 9 

The Type 9 cards are for WBS items whose cost is estimated by taking a 
ratio to the cost of some other WBS item. Either or both the 1000 WBS items 
and the number of Type 9 cards can be changed by changing one or two dimen- 
sion cards in the source program Itself. No other changes are required. 
Consideration must be given, however, to the limits of computer memory; 

1000 items times 24 spreading periods times the memory arrays required in the 
basic program require a significant memory capacity. 

DATA CARD ORGANIZATION 

Inputs to the program are entered on computer cards in the following 
manner. 

Card A - Number of Cases Card 




s 




lu 

(H«k) 





si 

6 80 


The SCM allows operation on several different systems (organized in a 
WBS format) in a single computer run. There is theoretically no limit to 
the number of consecutive cases which can be done at once. However, the user 
should keep in mind the practical limits of compiling data decks , using com- 
puter time, volume of paper produced, and computer budget before chaining 
more than 5 to 10 cases in a single computer run. 
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Space Division 
Rockwell International 


The initial card in the data deck (Card A) must contain an integer in 
Columns 1 through 5, giving the number of consecutive cases to be run. This 
number must be right-adjusted; for example, if a single case is to be calcu- 
lated the number "1" should be entered in Column 5 ; for 12 cases , the number 
"12" should be entered in Columns 4 and 5, etc. This card is not repeated. 
It must be the first card in the data deck, followed by complete data decks 
(as described in the rest of this report) for each case. 


Title Card 


Co home 

Item 

ExplanaHon 

1-40 

Program Title 

Name of the program to be costed such as 



"Radiometer Program. " 

41-42 

Begin Period 


43-44 

End Period 

Beginning period and end period of the total 


program for use with cost spreads (maximum 
24 periods); e.g., for 16-month program . 
enter 01 and 16. If program covers 1976 to 
1990, enter 76 and 90. The periods must be 
numbered consecutively. 

45-52 (Not Used) Data placed in these columns will not be 

read by the computer. 

53 Position of Decimal Enter 0, 1, 2, 3, 5, or 6 to determine 

position of decimal in printout: 

0 (Dollars, man-months or other cost units) 

1 Tens of (Dollars, man-months, etc.) 

2 Hundreds of (Dollars, man-months, etc.) 

3 Thousands of (Dollars, man-months, etc.) 

5 Hundreds of Thousands of (Dollars, man- 
months, etc.) 

6 Millions of (Dollars, man-months, etc.) 
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CoVumns 

54 

55 


56 

57 

58-59 

60 

61 

62-69 

70-79 

80 



Space DiviskMt 
Rockwell Internationa! 


Item 


Ea^lemation 


Printout Level 
"No Spread" 

Printout Level 
"Spread" 


’’ 

^ter 0, 1, 2, 3 or 4 in each column to designate 
the level of the HBS. 

Printout 


"No Spread" 


"Spread" 


0 No printout 

1 Printout Level 1 

2 Printout down to 

Level 2 

3 Printout down to 

Level 3 

4 Printout all levels 


0 No printout 

1 Printout Level 1 

2 Printout do«n to 

Level 2 

3 Printout down to 

Level 3 

4 Printout all levels 


Code A 
Code B 


Number of 
Additional 
Code Runs 


Input Data 
Printout 


For example, 0, 1 in the two columns, respectively, 
gives a spread printout to Level 1, but no "No 
Spread" printout. A3, 4 would have a "No-Spread" 
printout to Level 3, and a "Spread" printout to 
Level 4. Any combination is acceptable except 0, 0 
\dilch would give no printout at all. 

Enter the code for the cost categories to be 
printed out on the initial run. Nurhers from 0 
to 9 are acceptable in each column in any combin- 
ation. 0, 0 or left blank indicates codes are to 
be ignored and all costs are to be printed out 
(see "Cost Code Categories" below for explanation). 

For use only if more than one cost code category 
printout is desired on a single run. Enter 0 to 
99 for number of additional runs. See "Cost Code 
Categories" below for explanation. Data must be 
ri^t adjusted; i.e., if less than 10, enter 
number in Column 59 only. 

Enter digit 1 if it is desired to print- out input 
data; 0 or leave blank if not. 


CRT Plot Option 


(Not Used) 
Units 


If CKC plots of spread data are desired, enter 1 
and complete all other reqxiirements described 
below (see "CRT Plot Option") . If no plots are 
desired, enter 0 or leave blank. 


Designates column heading to be used in printout. 
If model is computing costs enter word "Dollars." 
alter words "Man-Months" if model is being used 
to ccmipute and add man-months or whatever other 
units are desired. 


(Not Used) 
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Space Division 

Rockwell International 


Code Nanffi Card (ia) (Jq be used only when prior card called for a Cost Code 

Category printout) 


/ 


Nome of Code A 

Nome of Code 6 

Cost Category to 

Cost Category to 

be Printed Out 

be Printed Out 

1 40 

41 80 


ColvmnB 

1-40 Enter the name of the Cost Code A Category Indicated for printout 
on the prior card. If Code A were 0 on prior card, leave blank. 

41-80 Enter the name of the Cost Code B Category Indicated for printout 

on the prior card. If Code B were 0 on prior card, leave blank. 


Rate Card 








Rate 1 

Rate 2 

Rate 3 

Rate 4 

Rate 5 







etc. through Rote 9 

1 8 

9 16 

17 24 

25 32 

33 40 

72 


CoVuims 

1-8 

9-16 

17-24 

t 

63-72 


Item 

Rate 1 

Rate 2 

Rate 3 
• 

Rata 9 


Explanation 

Enter the numerical values of rates desired for 
reference use In costing WBS elements; e.g., 

• 3000.0 for Engineering labor rate per man-month. 
Up to 7 digits, plus decimal point. Always enter 
the location of the decimal point. - The rate card 
must be Included in the data deck even If the 
, rates are not used. In this case, a blank 
card should be inserted for the rate card. 
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Space Division 

Rockwell International 


WBS Item Cards (One card for every Item In the WBS tree, except the program 

total.) 



^ I Sl fl fUa /»! ?sl fA 7r\ lf\9o 


Coliams Item 

1 Card Type 


Length of spread 
determined by Columns 
— 74-75 and 78-79 


Cost • (Cost Level) x (Length *of Spread) 

9 For use when Cost Is to be coiqputed as a ratio to 
cost of some other WBS Item. 

Inter desired ratio In Column A and WBS number of the 
other WBS Item In Columns B, C, O, and E. 

Exa^ila: For 15 percent of WBS Item 30.01.00.00, 

Enter A B C D E 

.15 30. 01. 00. 00. 

For 15 percent of total program cost 

Enter A B C D E 

.15 00. 00. 00. 00. 



Explanation 

Designates equation to be used In computing cost. 

0 Hone (For WBS Items which are sums of other WBS Items) 

1 Cost - (A X bC X D) 4- E 

2 Cost - AxBxCxDxE 

3 Cost • (A X B) + (C X D) + E 

8 For use when cost level Is entered Into costing data. 
Use with spread option 4 only. 
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Space DiviskMi 
Rockwell International 


Columns . Item Explanation _ 

2-9 WBS Number . Enter the four levels of the WBS number of the 

item I XX I XX I XX I XX| 

10-32 UBS Item Name Enter the name of the WBS Item. 

33 Code A Enter the proper code numbers, a digit from 1 to 

34 Code B 9 in either or both columns if costs are to be 

coded. See Cost Code Categories below for explan- 
ation. 

35-73 Costing Data Enter values of parameters and constants to be 

A, B, C, D, E used in the "Card Type" costing equations described 
above. See Costing example below. 

Always enter a decimal point in fields A, B, C, D, 
and E (except when calling for a Rate from the 
Rate card) . 

The number with decimal point may be entered any- 
where in the column. 

A rate may be called for from the Rate card only in 
Columns A, B, or C. To do this, enter a 91, 92, 

93 through 99 without a decimal point in the 

two furthest left columns of fields A, B, or C. 

Example: 



A 

B 

C 


91 

97 

99 

Calls for 

¥t 

Rate 1 

Rate 7 

s* 

Rate 9 


74-75 

76-77 

78-79 


80 


Begin Period 
Peak Period 
End Period 


Ihese columns are to be used in conjunction 
with the spread options of Column 80. 

For each WBS item, enter the period number corres- 
ponding to the beginning, peak and end of the period 
curve selected by Column 80 for that particular WBS 
item. The periods identified must be within the 
period of the total program defined by Columns 41 
to 44 of the Title Card. 


Spread Option If cost spread calculations are desired, enter 

If 2, 3, 4, or 5 to select the particular spreading 
curve desired for each WBS item. (See "Cost Spread- 
ing Options" below for explanation.) 
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Final Card (for each case) 

Since the program has been designed to calculate several different cases 
In the same computer run, there must be a card to designate the end of one case 
and the beginning of data for the next ca^e. This Is accomplished by placing a 
card with a single digit, 7, In the first column at the end of the WBS cards for 
each case. This card must be Included for every case. Including the last case. 

It should be pointed out that the program has been Instructed to read WBS 
cards until It finds a "Card Type” variable equal to 7. Thus, If any future 
modifications of the program are made, it is not possible to specify a cost 
conq>utlng equation to correspond to Card Type 7. 

CRT PLOT OPTION 

The S(M program has been set up with the capability to provide cathode 
ray tube (CRT) plots of the spread cost data If desired by the user. If no, 
plots are desired, the user must make sure that Column Number 61 of the title 
card for the case Is blank or contains a zero. 

If plots are desired, the user must enter a "1" In Column 61 and must 
supply three title cards for the plots. These are illustrated below. 


1 

^ ITLE 


^ NAMY 


— 

XNAMX 



COLUMNS 1-80 
ALL THREE CARDS 


The data on the card "NAMX" should be the label to be placed on the X-axis of 
the graphs; "NAMY" is the label to be placed on the Y-axis; and "ITLE" is the 
title to be placed on top of the graph. A sample plot is shown in Figure E-8. 
Plots are produced for each spread case requested. Thus, if the user specified 
a spread of the total costs and spreads of five additional code runs, six plots 
would be produced by the computer. All six plots would have the same titles 
and they would be collated in the order of the regular computer printout. Thus, 
the user should identify the plots himself before changing their order to avoid 
confusion in using the data later. 

The three title cards for the plots are placed directly after the title 
card (or first code name card, lA, if codes are specified on the title card). 
They are placed ahead of the additional code run and code name card, if any. 

The user should be careful to check that these cards are included in the 
data deck if the plot option is specified, and that they are removed from the 
data deck if the plot option is not desired. Failing to do this will cause the 
computer to find errors in the data deck. 
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Figure E-8. Sample CRT Plot of Spread Data 
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COST CODE CATEGORIES 

If desired, code numbers from 1 to 9 can be placed In either or both the 
Code A and Code B colxums of each WBS item card. Columns 33 and 34. When a 
particular code number or combination of code numbers is called for by the 
title card or by additional code rtm cards (see below) the program will select 
the costs only from the WBS item cards with corresponding code nvnnbers. These 
will then be printed out separately. Because 0 to 9 can be in either Column. A 
or Column B, 100 possible code category cond>inatlons are possible. The code 
numbers used may be given any names desired (Code Category Name Card) and 
these will appear at the head of the printout. 

EXAMPLE: WBS Item Cards 

Enter Code A 

1 Recurring costs 

2 Non-recurring costs 

3 Operations costs 

Enter Code B 

1 Engineering department costs 

2 Test and operations department costs 

The following entries may then be used on the title card (or additional 
code run cards) calling for a code printout: 

Column 56 - 0, 1, 2 or 3 

Colvram 57 - 0, 1, 2 

AO, 0 in the two columns, respectively, means that the codes are ignored 
and all costs are printed. 

1.0 gives all recurring costs 

1.1 gives recurring engineering department costs 

0,1 gives all engineering department costs 

e 

• 

3,0 gives all operations costs 

3.2 gives operations costs incurred by the 

test and operations department only. 


etc. 

ADDITIONAL CODE RUN CARDS 

If it is desired to have more than the single printout called for by the 
"Title Card," additional code printouts can be obtained in a single computer 
run by entering the number of desired additional runs in the "Additional Code 
Runs" column numbers 58-59 of the title card, and by adding the same number of 
"Additional Code Run Cards" and "Code Name Cards" alternately after the Title 
Card (and the initial "Code Name Card," if any) , or after the CRT plot title 
cards if the CRT plot option is specified. 
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Additional Code Run Card 



The additional code run card is a blank card except for digits in 
Columns 56 and/or Column 57 calling for a particular code category printout. 

Up to 99 additional code run cards can be inserted ahead of the rate card. 
Each must be followed by a "Code Name Card" giving the desired names of the 
codes used. The code name for Code A is entered in Columns 1-40 and the code 
name for Code B is entered in Columns 41-80 as illustrated for Card lA prev- 
iously. 

The number of additional code run cards used must always be entered in 
Columns 58-59 of the title card. 

It should be noted that due to the logic of the summing routines in the 
program that a code run with Codes A and B equal to zero (for a total sum of 
all costs) is not acceptable on the additional code run cards. If a printout 
of total costs is desired, it must be specified on the title card by having 
both codes on that card equal to. zero and eliminating Card lA, the code name 
card for the title card codes. The additional code run cards must have at 
least one of the codes greater than zero. 

SPREADING OPTIONS (Columns 74-79 of WBS Item Cards) 

Five spreading option curves are available for use in the model. These 
are selected by entering 1, 2, 3, 4 or 5 in Column 80 of the WBS item cards. 

The length of each spread is determined by entering the begin and end period 
numbers on the WBS item cards. The location of the peak may be varied by 
designation of the peak period for the bell-shaped curves 1, 2 and 3. The 
location of the top of the initial slope may be designated for Curve 5. 

The spreading option curves are shown in Figure E-9. 
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Spreading Optlcm 
Huafcer 


Bell-Shaped 
Low Profile 


Begin 


Bell-Shaped 
Nonlnal Profile 



Bell-Shaped 
Hl^ Profile 


Begin End 

For Curves 1, 2 and 3, costs begin at the beginning of 
the Begin period and end at the end of the End period. 
The peak occurs at the middle of the Peak period. The 
peak can be no less than 10 percent of distance from 
beginning or end. 


Uniform Spread 



Begin 

(Peak not used) 


Peak Variable) 


Iftilform Spread 
with Initial 
Buildup Slope 



Begin 


For Curve 5, costs begin at beginning of Begin period 
and end at end of End period. The flat part of curve 
begins at beginning of Peak period. 


Figure E-9. Spreading Options Curves 
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ARRANGEMENT OF DATA CARDS FOR COMPUTER RUNS 

The xiser has been provided with a number of options in the use of the SCM 
program. The options which affect the actual arrangement of the data deck 
(rather than specific data on individual data cards) are as follows. 

1. Printout with or without individual code runs for each case. 

(Up to 99 different code runs may be obtained.) 

2. Program may be run with or without CRT graphs for each of 
the individual cases. 

3. Program may be run with any number of individual cases 
chained in a single data deck. 

Figure E-10 illustrates the various options for setting up a data deck for an 
individual case (Options 1 and 2 above). Figure E-11 then illustrates the 
arrangement of individual cases in a complete data deck with Option 3 above. 
Figure E-12 shows the complete Fortran deck arrangement including the program 
decks and control cards as well as the data. 

EXAMPLE OF DATA INPUT 

Figure E-13 shows a data sheet prepared for punching of the WBS Item 
computer cards. The figure will be used for illustrating cost data and other 
data inputs. The figure (which is only illustrative) covers the input for 
the electronic subsystem which is a portion of a radiometer instrument proposed 
to be carried by a spacecraft. This portion of the WBS tree would appear as 
in Figure E-14. The entries for the WBS items are discussed below following an 
explanation of the required title and rate cards. A printout of the data based 
on Figure E-13 is shown in Figures E-15 and E-16. Printout of the input data 
is shown in Figure E-17. 


Title Card (Example) 


Entry 

Column Numbers 


RADI0METER PR0GRAM 

1-40 

Program Title 

01 

41-42 

Begin Period 

18 

43-44 

End Period 

3 

53 

Position of Decimal (to read out 
in thousands) 

4 

54 

Printout Level, No Spread 

4 

55 

Printout Level, Spread (to print out 
costs down through the 4th level 
for both a Spread and a No-Spread 
printout) 

0 

56 

Code A (See explanation on page E-20) 

0 

57 

Code B (See explanation on page E-20) 

00 

58-59 

Additional Code Runs 

1 

60 

Input Data Printout desired 

0 

61 

No Plots Desired 

D0LLARS 

70-79 

Units 
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Figure E-10. Data Card Organization for Individual Cases 
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Single Case 


Multiple Cases 



Figure E-11. Complete Data Deck Arrangement 
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Figure E-14. Example WBS Tree, Electronic Subsystem Portion 
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THOUSANDS OF 

HfiS mi!9fi£B II£!S 


EBQfiEAU-iaiAL 


40. 0. 0. 0 ELECTPONIC SURSYSTEM 


3<»y,4 


1. 


0. 0 OESIRN & S«»ECS. 


4R.0 


w 

I 

N3 

VO 


1 . 0 

2. 0 

iit_a 

1 

2 


TIMING E CONTROL CKTS 
ANALYSIS 

CIRCUIT DRAWINGS 

BREADBOARD MODEL 

MODEL FABRICATION 
MODEL TESTING 


S2.6 

R.D 

R.O 

34.6 


16.6 

19.0 


3. 0. 0 SYSTEM PRODUCTION 178. T 

1. 0 CIRCUIT FABRICATION 65.6 

2. 0 modular package fab. 9itl 

3. 0 ASSEMBLY 14.4 

4. 0 PRODUCTION TESTS 15.0 



4. 0. 0 SYSTEM testing 

1. 0 test specs s procedures 

2._0 BENCH TESTS 

3. 0 system tests 

4. 0 environmental tests 


75.6 


12.0 


19*2 

18.0 

26.4 


5. 0. 0 


reliability t DA 


42.6 


Figure E-15. Sample Cost Printout (No Spread) 
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13.5 
24. 3 
0.9 


seqcsa;3_iqibl. 

26.3 34.1 

12.9 16.5 

0.0 


2f.Q 

25.5 


-E LECISQ!JlC-5Ufl51SIE!! 

13.5 26.3 34.1 27.0 

24.3 12.0 16.5 25.5 

0.0 0.0 


9.0 

9.9 

0.0 
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0.9 0.0 
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Figure E-16. Sample Cost Printout 


thousands of 

DDLLASS 


f 5» (61 ( T) (8) 

(13) (14) (15) (16) 


1— ——322*4 

26.6 49.9 75,7 53.8 

12.3 9.0 0.0 0.9 
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INPUr DATA 


TYPE HkS 

NO. 

. 

NAME 

CODE 

A 

B 

c 

0 

E 

B 

P 

E 

S 


0 

40. 0. 

0. 

u 

ELECTRONIC SUBSYSTEM 

00 

0.0 

0.0 

0«0 

0.0 

0.0 

0 

0 

0 

0 


i 

40. 1. 

0. 

0 

DESIGN t SPECS. 

10 

91000.00 

14.00 

0.0 

0.0 

0.0 

1 

2 

B 

A 


0 

40. 2. 

0. 

0 

TIMING & CUNTHOL CRT^ 

00 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0 

0 


2 

40. 2. 

1. 

0 

ANALYSIS 

10 

91000.00 

A. 00 

0.0 

0.0 

0.0 

1 

3 

9 

1 


2 

40. 2. 

2. 

0 

CIRCUIT URAhINCS 

ID 

91000.00 

3.00 

0.0 

0.0 

0.0 

2 

A 

5 

2 


0 

40. 2. 

A. 

0 

BREAOaUARC MODEL 

00 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0 

0 


A 

40. 2. 

A. 

i 

MODEL FABRICATION 

10 

91000.00 

2.00 

92000.00 

1.00 

8200.00 

2 

A 

5 

2 


2 

40. 2. 

A. 

2 

MODEL testing 

10 

91000.00 

6.00 

0.0 

J.O 

0.0 

A 

4 

6 

1 


u 

40. A. 

0. 

0 

SYSTEM PROuUCriUN 

Ou 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0 

0 


A 

40. A. 

1. 

0 

CIRCUIT FABR ICATIJN 

20 

92000.00 

12.00 

95000.00 

32000.00 

0.0 

5 

7 

B 

2 

W09 ices uaca 

1 

40. A. 

2. 

0 

MODULAR PACKAGt FAB. 

20 

2200.00 

40.00 

0.55 

5.00 

0.0 

4 

7 

B 

2 


2 

40. A. 

A. 

0 

ASSEMBLY 

20 

92000.00 

6.00 

0.0 

0.0 

0.0 

7 

8 

9 

1 

lrriIlC6(l Otic XZ 

2 

40. A. 

4. 

0 

PROOUC riCN YE STS 

30 

91000.00 

S.OO 

0.0 

0.0 

0.0 

7 

9 

9 

1 

1 In Col. 59 

b 

40. 4. 

0. 

0 

SVSYEM testing 

00 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0 

0 

of Title Card 

2 

40. 4. 

1. 

0 

TEST SPECS C PROCEUURES30 

91000.00 

4.00 

0.0 

0.0 

0.0 

7 

0 

8 

4 


2 

40. 4. 

2. 

0 

BENCH TESTS 

30 

93000.00 

6.00 

0.0 

0.0 

0.0 

9 

0 

10 

4 


2 

40. 4. 

A. 

0 

SYSTEM TESTS 

30 

91000.00 

6.00 

0.0 

0.0 

0.0 

12 

0 

lA 

4 


2 

40. 4. 

4. 

0 

ENVIFUNMENTAL TESTS 

30 

91000.00 

8.00 

94000.00 

0.0 

0.0 

11 

0 

12 

4 


9 

40. 5. 

0. 

0 

reliability 4 QA 

41 

0.12 

40. 00 

0.0 

0.0 

0.0 

1 

0 

lA 

4 
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printout 


Figure E-17 
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Codes used in Columns 33 and 34 of the WBS item cards (Figure E-13) for the 
exanq>le radiometer program were as follows. 


Code A 

1 Design and Development 

2 Fabrication 

3 Testing 

4 Other Costs 


Code B 

1 Reliability and QA Costs 

2 Management Costs 


The 0,0 in Coliums 56 and 57 of the title card provides that the codes will 
be Ignored. A 1,0 would have called for printout of just the items coded "1" in 
Column 33 of the UBS cards. A code name card would then have been required. 

(see Cost Code Category section). 

Rate Card (Example) 


The WBS entries in Figure E-13 are based on a rate card filled out as 
follows . 


Item 

1 - Engineering Labor Rate per Month 

2 - Shop Labor Rate per Month 

3 - Lab Labor Rate per Month 

4 - Factor for Use of Environmental 

Lab Equipment 

5 - Factor for Material Procurement Costs 


10-percent and 15-percent surcharge, respectively, for use of the environmental 
test lab and for purchasing department costs in connection with material pro- 
curement costs. 


Entry 

Column Nunbers 


3000.0 

0-8 

Rate 

2400.0 

9-16 

Rate 

3200.0 

17-24 

Rate 

1.10 

75-32 

Rate 

1.15 

33-40 

Rate 

The factors 

1.10 and 1.15 are 

used 


WBS Cards (Example) 

In filling out the WBS item card data it is not necessary to enter the 
zeros in the WBS numbers. Columns 2-9 of Figure E-13, because a blank is read 
as a zero. Note that cost data, codes, and spreading data are not required 
for those items for which costs are simply the sums of lower-level costs. 

Examples of this are the following items: 40.-, Electronic Subsystem; 40.02, 

Timing and Control Circuits; 40.02.03, Breadboard Model; etc. These are called 
"basket" cards because they are items in which lower-level costs are accumulated. 
Data must be entered for all items which are not sums of lower-level items, l.e., 
all cards except basket cards. DO NOT enter cost data for basket cards. 

The cost codes entered in Columns 33 and 34 are explained above in connec- 
tion with entries on the title card. 


Cost Data (Example) 


The first entry to be costed is 40.01, Design and Specifications, which is 
estimated as requiring 16 man-months of engineering effort. The 91 at the extreme 
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left of the A-fleld (without a decimal) picks up Rate 1, which. Is the englueerr' 
Ing labor rate, from the rate card. The "2" In Column 1 designates the Card 
Type 2 equation, which Is 


Cost “AxBxCxDxE 

It Is not necessary to fill a ”1" In Columns C, D, or E because, for Card Type 2, 
the program automatically enters a "1" when any of the fields A, B, C, D, or E 
are blank. 

Item 40.02.03.01, Model Fabrication, uses the Card Type 3 equation, which Is 

Cost = (A X B) + (C X D) + E 

Here, It was estimated that the Items would require two man-months of engineering 
labor plus one man-month of shop labor plus 8200 dollars In materials. The 
material could have been broken out as a separate WBS Item. This would have been 
the possible solution to be used, for example. If It were desired to multiply the 
material procurement by a ratio to reflect a surcharge for procurement department 
costs. 


Item 40.03.01, Circuit Fabrication, also uses the Card Type 3 equation. 
Cost = (A X B) + (C X D) + E. Here, the Item was estimated to require 12 man- 
months of shop labor plus $32,000 In material costs. The 92 In the A-fleld 
picks up Rate 2 which Is the shop labor rate. The 95 In the C-fleld picks up 
Rate 5, which Is 1.15. This adds 15 percent for purchasing department costs to 
the costs of the material, (Note that rates from the rate card can be picked 
up In fields A, B, and C only — not In D or E.) 


(CER) 


Item 40.03.02 Is costed using a conventional cost estimating relationship 


Cost = 2200 (weight) 


0.55 


Card-Type Equation 1, Cost = (AB^ X D) + E, Is used. The value of B = weight 
Is 40 pounds, estimated for the Item. There are five modules designed and fab- 
ricated. The equation appears as a straight line when plotted on log-log paper. 


Item 40.04.04, Environmental Testing, Is estimated at 8 man-months of 
engineering effort which Is multlpled by Rate 4 = 1.10, which Is used to add to 
the Item a 10-percent surcharge for use of equipment In the environmental test 
lab. 


The last Item Is 40.05, Reliability and Quality Assurance; It Is estimated 
at 12 percent of the other electronic subsystem costs. This Is accomplished by 
entering 0.12 In field A and the WBS number of the electronic subsystem 
(40.00.00.00) In fields B, C, D and E. Note all entries In the A to E fields 
must have decimal points except when using 91 through 99 to call for the rates 
from the rate card. 


E-33 


SD 74-SA-0156 





Space Diviskm 
Rockwell International 


Cost Spreading Option (Example) 

The cost spreading data are entered in Columns 74 through 80 of Figure E-13 
for each WBS item. It was estimated that the total program would last 3 years, 
or 36 months. The spreads handle only tip to 24 periods so each period was des- 
ignated as 2 months long, making 18 periods for the program. The numbers, 

01 to 18, were entered in Columns 41-42 and 43-44, respectively, of the title 
card to define the period of the total program. The electronic subsystem was 
to be ready for integration with the rest of the system by the 26th month, 
which is in the 13th period. 

The spreading option entries are defined in the section entitled "Spread- 
ing Options." For example, Item 40.01, Design and Specifications, starts in 
the first 2-month interval, peaks in the second 2-month Interval, and is com- 
pleted in the eighth 2-month Interval. It uses a Type-3 curve which peaks 
sharply in the second 2-month interval. A "3" for the Type-3 curve is entered 
in Column 80. 

An example of the first page of the cost spread printout is shown in 
Figure E-16. 

Previous discussion has indicated the utilization of SCM for costing of 
a program. The SCM can also be effectively used for the compilation of man- 
months of effort of a program. As noted in the explanation of the "Title Card" 
Columns 70-79 are used to specify units. Insertion of "man-months" will result 
in all data being presented in this unit. Rate Columns B, C, D, and E 
(43 through 72) on each WBS card are left blank. Man-months for each WBS task 
are entered in Rate Column A (36-40) left-adjusted. The decimal point must be 
Included in the number. Entry of man-month estimates are shown below. 


Column No. 36 37 38 39 40 41 42 


1 0 0. — 100 man-months 

9 . 9 man-months 

4 8 6 5. - ^ 4865 man-months 

Cost Code Columns A and B (33 and 34) can be effectively used for multiple 
organization and skill code compilations. A commonly used set is shown below. 

Column 33 Let 1 = User Center 

2 ■ Integration Center 

3 = Launch Site 

Column 34 Let 1 = Operations Analyst 

2 = Systems Engineer 

3 = Designer 

4 = Programmer 

5 = Coder 

6 = Test Engineer 

7 = Test Technician 

8 = Mechanic 

9 = Administrative Assistant 


E-34 


SD 74-SA-0156 





Space Division 
Fkx:kwell Intematkxtal 


Thus, the manpower estimates for a given WBS task can be compiled by SCM 
for combinations of centers and skill codes. Also, the conq>osite Code A (Center 
Summary) and Code B (Skill Code Summary) requirements can be compiled by SCM. 

The same precaution in the use of SCM for the purpose of compiling cost 
data applies to compilation of manpower estimates — only one entry per WBS 
identifier is allowed. Therefore, if multiple-center and/or multiple-skill 
codes are required for a specific task a separate WBS number must be used for 
each entry. Using an XO.XO.XO.XO WBS format rather than OX. OX. OX. OX will 
readily accommodate multiple entries. Each entry at a particular WBS level 
is sequentially numbered in the last digit of that level. Summation occurs at 
the next highest level of the WBS. 

INPUT DATA ERRORS 


The program will print out an error message for certain types of input 
data errors. These should be watched for because the program continues in 
order to detect additional errors, if any, and to yield some (though erroneous) 

results. A typical format of the notation is "Error on WBS Card No. . " 

Examples are as follows . 


* Nonexlstant card type 

* Nonexistent spread option 

* Unacceptable WBS number 
(i.e.. Intervening errors 
or duplicate WBS numbers) 


Item cost remains zero. 

Program continues. 

Option 2 is substituted. 

Program continues. 

Results in erroneous summing. 
Program continues; a list of WBS 
numbers also prints out to assist 
in finding the error. 


Input data should be carefully prepared because the program cannot catch 
most errors. Input errors may result in errors only in individual WBS items 
or they may result in erroneous summing logic and affect cost totals. The 
latter is the case with most errors in WBS numbers. 


A check of the following items will avoid certain types of errors: 

1. Be sure there is always a basket WBS item (with the WBS number 
ending in zero or zeros) to provide a place for the sum of any 
subsidiary WBS item costs. 

2. Do not enter cost data for basket items. A, B, C, D and E 
must be zero for basket items, otherwise code printouts will 
be in error. 

3. Do not use the same WBS number twice. 

4. Check the spread data to be sure all WBS item spread periods are 
within the total program spread. Be sure the peak period is not 
outside the Begin and End periods , and that the End period is 
greater than the Begin period. 
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5. A code printout entry of 0,0 is acceptable on the title card only 
(Columns 56 and 57). Additional code non cards must have a code 
>1 in Column 56 and/or 57. 

6. Be sure code name card or cards are provided whenever code is > 1 
in either Column 56 or 57 on the title card or additional code 
run cards. 

7. Be sure to enter a decimal point when entering cost data in the 
A, B, C, D or E fields of the WBS item cards except when calling 
for a rate. Never use a decimal with the numbers 91 through 99 
when calling for a rate. 
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3.0 TECHNICAL DESCRIPTION OF SYSTEM COST MODEL 


This section contains a technical description of the SCM model. Symbols 
used in the program, a detailed flow chart, and a listing of the source program 
are contained in Annexes A, B, and C, respectively, to this appendix. The pro- 
gram is written in basic Fortran. Numbers on the steps of the flow chart refer 
to steps in the program listing. Instructions for use of the model are pre- 
sented in Section 2.0. 

PROGRAM ORGANIZATION 

The overall organization of the program is illustrated in Figure E-18. 

The entire program has been placed Inside a "DO LOOP" which permits repetition 
of the model for any number of individual cases in a single computer run. The 
discussion of the program organization and input data cards in this appendix 
apply to each individual case which would be processed in a multiple case run. 
Data on the title card, the rate card, and the code name and additional code 
run cards (if used) are read into the computer at the beginning of the program 
after the arrays are dimensioned and other preliminaries are completed. The 
WBS item cards are read next. As each WBS item card is read, a counter "N" is 

incremented by one so that each card is initially numbered with a value of N 

as it is read into the computer. Thereafter, all data associated with each 
WBS item card, including the WBS numbers, are stored and identified by the 
initial value of N associated with each card. For example, COST(N) becomes the 
cost of the Nth WBS item when it is computed. NAME(N,J) becomes the name of 
the Nth WBS item. (The J subscript is necessary to provide storage for 23 
letters of the name.) When the last card is read, NC is set equal to N so that 
NC is the total number of WBS cards read. 

As the WBS item cards are read, costs and cost spreads (when required) are 
computed for each card except Type-9 cards before the next card is read. This 
eliminates the need to store much of the WBS card input data, thus saving com- 
puter memory space which is already necessarily large to handle the costs and 
cost spreads. Type-9 card costs are computed by taking a ratio to the cost of 

some other WBS item. It is therefore necessary to both compute costs and sum 

the costs for all other cards before Type-9 card costs are computed. Input 
cost and cost spread data are therefore stored for the Type-9 cards until after 
the initial summing routines are completed. As each Type-9 card is read, a 
counter, "NG" (as well as the "N" counter), is incremented so that each Type-9 
card is also numbered with a value of NG. When the last card is read, NGC is 
set equal to NG so that NGC becomes the total number of Type-9 cards. 

After the Type-9 card costs and spreads are computed, a summing routine for 
the Type-9 cards sums these costs and adds them to the existing cost and cost 
spread arrays. The program then moves directly to printout if there is not a 
code printout. When there is a code printout, it is first necessary to identify 
and empty all the "basket" WBS items. Basket WBS items are items whose costs 
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DIMENSIONS AND 
PRELIMINARIES 


READ NUtCER OF 
CASES TO BE 
COMPUTED 


40 


READ TITLE, RATE 
AND CODE CARDS 

i go { -Z 


1200 


INCREMENT THE 
"N" CARD COUNTER 


102 


READ A WBS CARO 


PRINT OUT WBS 
CARD INPUT DATA 


118,130 J 


CARD TYPE? 

TYPE 9 

' 



TYPES 1- 

-4. & 8 



ENTER N, WBS NO. 
& CARO CODE IN 
THE K ARRAY 


STORE 
COST 
DATA 
1 


COMPUTE COSTS 
AND SPREADS 


ENTER N, WBS NO. 
S CARD CODES IN 
THE K ARRAY 


NO 

- 1 

LAST 



CARD? 



615 

YES 

SORT WBS CAROS 
IN ASCENDING 
ORDER 

700 



SUMMING PROGRAM 

SUM TYPE 1-4 
& 8 CARDS 



0 . 


GO TO 40 


YES 


NO 


ANY TYPE 
CARDS? 

9 


YES 




COMPUTE TYPE 9 
COSTS & SPREADS 

1300 

1 

SUM TYPE 9 COSTS 
AND ADD TO COST 
ARRAYS 

1800 


IS THIS 
PRINTOUT 

A CODE 

? 

YES 

1822 


ZERO ALL 
BASKET CARDS 

1866 


DOES THE CODE 
MATCH? 

741 


SUM CARDS WITH 
MATCHING COSTS 

2000 i 

PRINT OUT COSTS & 
SPREADS IF ANY 

2960 



ADDITIONAL CODE 
RUNS? 


, NO 

LAST CASE? 


NO 


NO 



Figure E-18. Condensed Flow Chart 
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are the sums of other lower-level WBS items. Because only part or none of the 
lower- level items may have matching codes, it is necessary to set all the 
basket item costs equal to zero and then restim those items with the appropriate 
matching codes for printout. 

When the basket cards have been zeroed, each WBS item is examined to see 
if its codes match with the codes required for the printout. The initial sum- 
ming program is then re-entered and the basket items are refilled with sums of 
appropriately coded cards. These are subsequently printed out. After each 
printout the number of printouts is compared with the required number of print- 
outs with respect to spread and no-spread and additional code run requirements, 
and the routines are repeated as required. 

INPUT DATA CARD SYMBOLS 

Symbols used in the program in connection with the data cards are 
described below. 


Title Card 


/ 






- 







n 


KITLE(IO) 

a. 

CO 

a. 

LU 

S' 

J 

o 

a. ' 

(✓> 

Z 

0 

a. 

i/i 

O 

a. 

< 

UJ 

O 

O 

'cQ 

UJ 

a 

O 

oe. 

< 

IDPO 

> 

DC 

lank) 

to 

1— 

Z 

D 

c 

_o 




flO 




bd 


Z 

y 

CO 


flO 


41 

43 

45 






58 



52 



1 40 

42 

44 

52 

53 

54 

55 

56 

57 

59 

60 

61 

69 

70 79 

o 

00 


Columns 

Symbol 

Item 

1-40 

KITLE 

Name of the program 

41-42 

KBP 

Begin period 

43-44 

KEP 

End period 

45-52 

— 

(Not used) 

53 

KPD 

Position of decimal 

54 

KPONS 

Printout level, no spread 

55 

KPOS 

Printout level, spread 

56 

KODEA(l) 

Code A 

57 

KODEB(l) 

Code B 

58-59 

NAR 

Number of additional code runs (up to 99) 

60 

IDPO 

Input data printout 

61 

ICRV 

Variable flag Indicating whether graphs are 
to be produced 

62-69 

— 

(Not used) 

70-79 

KUNITS 

Name of units (dollars, man-months, etc.) 

80 

— 

(Not used) 
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Code Name Card 


1—40 ICODA (l,10) Name of Code A category to be printed 
41—80 ICODB (1,10) Name of Code B category to be printed 

(One Code Name' for each code run. 1=1 If Initial run Is a code run. 
If additional code runs, I corresponds to I on additional code run 
cards . ) 

CRT Plot Title Cards 

1-80 NAMX Card giving label for abscissa (X-axis) of plots 

1-80 NAMY Card giving label for ordinate (Y-axis) of plots 

1-80 ITLE Card giving title for graph heading 

Addl tlonal Code Run Cards 


1-55 

- 

(Not 

used) 

56 

KODEA(I) 

Code 

^ 1 where I = 2 to NAR + 1 

57 

KODEB(l) 

Code 

B 1 

58-80 

- 

(Not 

used) 

Card 

1-8 

R1 

Rate 

1 

9-16 

• 

• 

R2 

• 

• 

Rate 

• 

• 

2 

• 

• 

65-72 

« 

• 

R9 

• 

• 

Rate 

9 


WBS Item Cards 



Columns 

Symbol 

1 

KTP 

2-3 

K(N,1) 

4-5 

K(N,2) 

6-7 

K(N,3) 

8-9 

K(N,4) 

10-32 

NAME (N, 6) 


Item 


Card type 


Level 1 
Level 2 
Level 3 
Level 4 


^ WBS Number 


WBS Item name (6 is required for a storage 
of 23 letters) 
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33 

KDEA 

Code A 


34 

KBEB 

Code B 


35-42 

A 1 

1 


43-50 

X i 

1 


51-58 

B ) 

» Costing Data 


59-66 

C 

> Note: These ere 

identified as A, B, C, D, 

67-73 

D 1 

1 respectively , in 

the User Instructions (p. 

74-75 

KBG 

Begin period 


76-77 

KPK 

Peak period 


76-79 

KEN 

End period 


80 

KS 

Spread option 



E. 

16) 


It should be noted on the WBS Item Cards that the costing data Identified 
In the User Instructions as A, B, C, D, and E are called A, X, B, C, D, respect- 
ively, In the source program listing. The exchange of letters came about 
because the basic CER costing equation (Card Type 1) was Initially thought of 
as Cost (AX^)C+D, where X was the technical costing parameter such as weight. 
When the program was completed and the User Instructions were being written, it 
became apparent that A, X, B, C, D would be confusing as applied to the other 
card-type equations. Accordingly, It was decided to make the transition and 
call the costing data entries simply A, B, C, D, E. The basic CER equation 
could then be though of as Cost * (AB^)EH-E. 

ARRAY SUBSCRIPTS 

Principal data arrays used In the program are Identified in Annex A, In 
general, the N-subscrlpted arrays are used to identify data associated with 
Individual WBS Items and/or cards such as COST(N). L has been used generally 
to designate spread periods such as in CST(N,L) which is COST(N) spread to 
L periods. The NG-subscrlpted arrays are used to store data associated with 
Type 9 cards as described above. 

COST C(»1PUTATI0NS AND TERMS 

The principal cost terms used in the program are as follcws: 



All WBS 

Type 9 


Items 

WBS Items 

Total program 

COSTT 

GOSTT 

Total program spread 
to L periods 

CSTT(L) 

GSTT(L) 

WBS Items 

COST(N) 

COSTG(NG) 

WBS Items spread 

CST(N,L) 

CSTG(NG,L) 


to L periods 


Costs are initially computed for each WBS item card In accordance with the 
applicable card-type equation and using the term CCST. CCST Is then transferred 
to either COST(N) or COST(NG) as the case may be. If spread costs are required, 
CCST Is then used by the same spreading routines regardless of whether the Item 
is a non-!^pe 9 COST(N) item or a Type 9 COSTG(NG) Item. Subsequently, the 
spread costs are transferred to either CST(N,L) or CSTG(NG,L) as required. 
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GOST SPREADING 

The bell-shaped cost spreading curves are based on the Beta function which 
has often been used for cost distributions (Reference: Shuttle Program, Cost 
and Schedule Estimates Plan, MSC-03314, 25 June 1971). For this purpose the 
function can be reduced to the relatively simple equation: 

dj - T^"^(l-T)*^^ 

where 


CXf Is the ordinate value at time, T 

T is the proportion of time from 0 to 1.0 
P and Q are constants 


The shape of the resultant bell-shaped curve is dependent upon the values 
assigned to the constants, P and Q. As P and Q are increased, the curve becomes 
more peaked. Lower values of P and Q give flatter curves. If P and Q are equal, 
the curve Is symmetrical. As P Is Increased greater than Q, the curve is skewed 
right. As Q is increased greater than P, the curve is skewed left. 

The nominally peaked curves selected by Spread Option 2 approximate the 
peakedness of the standard ogive-type cost curves used by Rockwell Space Division 
Contracts and Pricing department. 

The relatively less and more peaked curves (Spread Options 1 and 3, 
respectively) were defined by judgment relative to nominal Type 2 curves. In 
cases where the Beta function has been used for spreading costs with which the 
writer is familiar. It has not been possible to readily select the peak of the 
curve at any desired period of time. In order to make this possible, a calcula- 
tion was made to find the combinations of P and Q values which would place the 
peak of the curve at proportionate times, T, equal to 0.1, 0.2, 0.3, ... 0.9, and 
for a degree of peakedness approximating the desired peakedness for each of the 
Spread Options 1, 2, and 3. Ihese values of P and Q were then tabulated and 
entered Into the SCM program as PA(I,J) and QA(I,J), respectively, at the 
beginning of the program after the arrays are dimensioned. The I subscript 
designates the Spread Options 1, 2, or 3. J represents the proportionate times, 

0.1, 0.2, 0.3, 0.9. An interpolation routine. Step 225, and following 

Is used to find intervening values of P and Q from the PA and QA arrays. This 
permits the peak to be at the period designated peak (KPK) for spreads with 
any selected number of periods. 


The values of CX(L) are coin)uted at the center of each period designated 
L; and the total cost (CCST) for the WBS item is distributed proportlonably in 
accordance with Gi(L), Steps 234-238. The values of CX(L) are In turn trans- 
ferred to CST(N,L) (Step 294) starting in the correct period (L) as determined 
by the relation of KBG, Begin period for the WBS item and KBP, Begin period 
for the program. The shape of the bell curves used In the program could, be 
changed by changing the values of PA and QA in the PA and QA arrays If desired. 
Figure E-19 shows relative shapes of the bell-shaped curves. 


Similar but simpler routines are used for nonbell-shaped spread options. 
The increasing portion of the Spread Option 5 curve is based on the equation 


CX^ - ( 1 - 2 . 718 ) 


-4.65(T^*^^^) 
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Period 

Figure E-19. Spreading Curve Shapes, Options 1-3 
(Area under all curves " $1000) 
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where 


CX = ordinate value 
T = proportion of time from 0 to 1.0 

Throughout the program, numbers designated L extend from 1 up to the total 
number of periods in the program (LS) which is equal to KEP-KBP+1 (End period- 
Begin period plus 1) taken from the title card. At Step 2356 in the printout 
routines, KBPS(L) is set equal to KBP+L-1. (KBPS(L) then becomes the period 
number with the first period starting with the number KBP on the title card and 
is used for printout. For the cathode ray tube (CRT) plots of the spread curves, 
a floating point variable BPS(L) must be set equal to KBPS(L) to be used as the 
abscissa of the plots. The ordinate is CSTT(L) for curves of the total program 
cost, or CST(N,L) for WBS item cost spread curves. A subroutine titled "Graph" 
has been incorporated in the SCM program deck to give the capability to generate 
cost spread curves when desired. 

K(N,J) ARRAY 

The K(N,J) array which is illustrated in Figure E-20 is the principal array 
used in the operation and control of the program. All the operations in the pro- 
gram which require examining or processing individual WBS card data are controlled 
by working either up or doxm the K(N,J) array, i.e. , from N = 1 to NC (number of 
cards) or from N = NC to 1. The values of N and NG are then taken from Columns 5 
and 6 of the K(N,J) array to locate data in the other N and NG subscripted arrays. 
The K(N,J) array also provides a means of keeping track of the values of N, NG 
and certain other data associated with each WBS item number before and after the 
WBS numbers are sorted (see Sorting Program) . 

The first four columns K(N,1), K(N,2), K(N,3) and K(N,4) of the K(N,J) array 
are the four parts of the WBS numbers. K(N,5) is the initial value of N desig- 
nated by the N counter for each WBS item card. K(N,6) is the value of NG desig- 
nated by the NG counter for each Type-9 card. If the WBS item is not a Type-9 
item, K(N,6) is zero.* A three-digit number (as described in Figure E-20), which 
designates whether the item is a basket item or not and the Codes A and B for the 
item, are contained in K(N,7). 

SORTING ROUTINE 

The Sorting Routine (Steps 615-670) arranges the WBS numbers in the K(N,J) 
array in ascending order if they are not in order at the time the WBS cards are 
read. This is necessary both for the summing programs and the printout routines. 
When a WBS number in the array is shifted in line position, all the data on its 
line, K(N,1) through K(N,7), are also shifted so that the initial values of 
K(N,5), K(N,6) and K(N,7) are retained for identification with each WBS nimber. 

When the cards are read, the line number N in the K(N,J) array (first 
column of Figure E-20) is the same as the card number N in the column K(N,5). 

After the sorting is completed the number K(N,5) may no longer correspond to the 
line number in the array. Therefore, prior to sorting, N alone is used to relate 


*It should be noted that after the Type-9 cards are summed, K(N,6) is used for 
another purpose in the program. 
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a WBS number in the K(N,J) array to data in the other N subscripted arrays. 

After sorting, it is necessary to use K(N,5) for this purpose. For example 
prior to sorting, COST(N) is the cost associated with WBS number K(N,l-4). 

After sorting, C0ST[K(N,5)] is used to identify the cost associated with WBS 
number K(N,l-4). Comparably, K(N,6) is used to identify NG and K(N,7) is used 
to identify whether the item is a basket item or not and its Codes A and B. 

SUMMING ROUTINES 

In both the main cost summing routines (Steps 700-1143) and the Type-9 
item summing routines (Steps 1300-1772), each WBS number in the K(N,J) array 
is examined starting at the bottom of the list (largest number) and working up. 

The level of the item in the tree is determined and the costs are accmnulated 
in accumulators Cl, C2, C3 and CSl, CS2, and CS3 until the next level basket 
item appears, and the accumulated cost is transferred to the basket item. 

K(N,5) provides the location of the associated cost in the N arrays. 

The Type-9 item summing routine is similar except that it works with 
COSTG(NG) and CSTG(NG,L); K(N,6) is used to tell if the item is a Type-9 item, 
and as the items are summed, costs are transferred to the COST(N) and CST(N,L) 
arrays . 

CODE PRINTOUTS 

After the Type-9 item summing is completed, the question of a code printout 
is examined at Step 1800. If the next printout is a code printout, KODPO is set 
to equal 1 to indicate a code printout. K(N,7) is used to determine which items 
are basket items and costs for them are zeroed. Preparations are then made for 
resumming the items with appropriate codes. Starting at Step 1840, each line is 
looked at in the K(N,J) array starting at the bottom line (N = NC) and working 
up until N = 0. K(N,7) is used to identify the codes A and B for each card. If 

an item matches the codes for the printout (Steps 1866-1870) , or if it is a basket 
item, K(N,6) is set = 1 and the item is reentered in the main summing routine for 
summing. At this point, the memory location K(N,6) is used for a new purpose. 

It was previously used to indicate a Type-9 item, but that is no longer needed. 
K(N,6) = 1 now indicates the item is to be retained for the code printout; 

K(N,6) = 0 means it is not to be retained, and this information is used in the 
printing routine. 

PRINTOUT 

The printout routines are complicated by the flexibility the program 
offers to be able to print out spread or no-spread, with and without plots of 
spread costs, desired codes, and down to selected levels in the WBS tree. The 
same basic printout routine is used over again for each printout and several 
items are thus needed to indicate the kind of printout required and to control 
the operation. KDSET set to 1 or 0 tells whether the divisions to set the 
decimal have been previously performed. KSP set to 1 or 0 means spread print- 
out or not. NPRINT is used to count the printouts and match with NAR (number 
of additional runs) to see if additional printouts are required. A line counter, 
LC, is also used to provide wider margins at the top and bottom of pages so that 
printed pages can be reproduced directly for use in an 8-1/2 inches by 11 inches 
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Line Columns (J) 


(N) 

1 

2 

3 

4 

5 

6** 

7 

1 

01 

00 

00 

00 

N 

NG 

* 

2 

01 

01 

00 

00 

N 

NG 

* 

3 

01 

01 

01 

00 

N 

NG 

* 

4 

01 

01 

01 

01 

N 

NG 


5 

01 

01 

01 

03 

N 

NG 


6 

01 

01 

02 

00 

N 

NG 


7 

• 

• 

01 

01 

• 

a 

02 

01 

N 

• 

NG 

• 




WBS Item 
Number 


*K(N,7) is a three-digit number: 

•First digit is 0 or 1. A 1 indicates the WBS 
item is a "basket item" (i.e., the sum of other 
WBS items). A 0 indicates a non-basket item. 

• Second digit is the Code A for the item. 

• Third digit is the Code B for the item. 

EXAMPLE: "031" means a non-basket card with 

A, B Codes - 3, 1, respectively. 

**K(N,6) initially is the value of NG for each WBS item. 
After Card 9 sunming routines at Steps 1868-1890, it 
is redefined so that K(N,6) ~ 1 means a WBS item is 
to be retained for code printout; K(N,6) > 0, means 
it is not. 


Figure E-20. K(N,J) Array 
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report with adequate margins. LEV Is set equal to 1, 2, 3, or 4 to Indicate to 
what level of the tree the printout is to be made. KSPD is used in conjunc- 
tion with the line counter. 

After the program title, headings and program costs are printed, a do-loop, 
N = 1 to NC (Steps 2400 to 2930) , is used to eKamlne each WBS item for printing 
and then print it if it meets the requirement. 

If the printout is a code printout, only the items with codes matching the 
requirement and basket cards are retained for printout. This is indicated by a 
K(N,6) = 1 (Step 2401). Basket cards are further examined and rejected if their 
costs are zero, IJhen their costs are zero, it indicates that there were no 
lower-level items under the items xi;ith the required matching codes. The WBS 
numbers are also examined (Step 2410 and following) to determine the level of 
each item in the l-TBS tree. This is necessary because line spacing and indenta- 
tion are different for the different levels and the printout may be only to a 
selected level of the tree. 

Each time through the printout routine, the spread printout (if required) 
is printed first. If a spread printout is required, the program first tests 
the variable ICRV to determine whether spread plots are also required. If so, 
the program calls the Subroutine Graph to produce the plots. The program then 
continues through the spread printout routine. When this is complete, the pro- 
gram returns from Step 2940 back to Step 2205 to see if a no-spread printout 
is required. Subsequently, the program examines NPRINT and NAR to see if all 
the printout runs are complete or if more printouts are due. 

DATA INPUT ERRORS 

At several points in the program, arrangements have been made to print out 
an error message in the input data when such an error occurs and it is possible 
to detect. These arrangements will not catch most errors, but will identify 
certain unacceptable combinations of input data — for example, a non-existing 
card-type number (Step 133) or a non-existing spread option number (Step 208). 

In the former case the cost of the item is not computed but the program con- 
tinues. In the second case. Spread Option 2 is substituted and the program 
continues. Zeros at unacceptable locations in the WBS niunbers are detected 
and trigger error notations at several places in the summing routines. Two 
identical WBS numbers will be detected in the sorting routine and a printout 
notation made. In the cases of errors in the WBS numbers, the program goes on 
but the numbering errors result in errors in the summing routines, so that the 
totals are usually wrong. 

Printouts stating that there are errors in input data should be carefully 
watched for because the final results will also be in error. In each case the 
program is set to continue so that additional similar input errors (if any) 
may be detected, and so that some results may be obtained. An error on one 
input card may have only minor effect on the total program, or it may have major 
effect such as upsetting the summing routines or code logic. Most errors in 
input data cannot be detected but simply result in comparably erroneous outputs. 
Others may simply bring the program to a halt due to some condition the computer 
cannot handle. 
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PROGRAM DIICNSIONS AND CHANGING PROGRAM CAPACITY 

The nunber of HBS Item Cards which can. be handled by the program Is 
l:.mlted by the numerical value of N in the dimension statement for the N 
arrays, which is the first statement of the program. Similarly, the number 
of Type 9 cards is limited by the value of NG in the dimension statement for 
the NG arrays, which is the second statement of the program. The size of N 
and NG significantly affect computer memory set aside to handle the program. 

The dimensions can be changed so that when using the program one should 
examine the size of N and NG in the first two statements of the program, 
i.e., N in K(N,L) and the other arrays of the first statement, and NG in 
AG(NG) and the other arrays in the second statement of the program. 

The capacity of the program in terms of maximum number of WBS Item Cards 
and maximum number of Type 9 cards can be changed by changing N and NG in the 
first two statements. No other changes are required. For example, to change 
N, change the numerical value of N in K(N,7), CST(N,L), NAME(N,6), COST(N) , 
and KT(N,4). To change NG, change the numerical value of NG in all the arrays, 
AC(NG), KX(NG)...,.. KSG(NG) and CSTG(NG,L) in the second statement of the 
program. In the listing of Annex C, N = 1000; NG “ 25; L 24. 

If it is desired to increase the number of spread periods from the current 
limitation of 24, additional changes would be required beyond the dimensions. 
The dimension changes would require changing the value of L in all the arrays 
in the third statement of the program, and in CST(N,L) in the first statement 
and CSIG(N,L) in the second statement. In addition, the printout routine would 
need to be changed to allow for additional lines of period numbers which are 
printed in parentheses in the headings. Statements 2362 and 4000 to 4005, 

4005 to 4020, and 4020 to 5000, provide for printout of the 1st, 2nd, and 3rd 
lines, respectively, of period numbers in parentheses in the spread printout 
heading. These would require modification and extension for more lines if the 
number of periods were increased. The line counter should be adjusted accord- 
ingly in the WBS item printout routines. Other changes should not be required. 
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ANNEX A 

LIST OF PROGRAM SYMBOLS 

This annex contains a listing of the symbols used In the program with the 
exception of dummy variables or subscripts whose definition may be obtained by 
examination of the listing. The first part of the annex Identifies array sym- 
bols. These are followed by an alphabetical listing of non-array symbols. If 
a syni>ol Is not found In the alphabetical section, examine the array synhols. 


N Arrays The N arrays are defined as arrays with an N subscript 

i^lch are used to store data related to Individual WBS 
Items. 


K(N, J) See Figure E-20 in appendix text 


K(N.l-4) 

WBS nunber 


K(N,5) 

N card counter 


K(N,6) 

NG card counter prior to Steps 1868-1890. 

It Is then redefined: 

K(N,6)« 1 retain Item for code printout 
K(N,6)» 0 reject item for code printout 


K(N,7) 

A three-digit nunber designating basket cards and 
Codes A and B; see Figure E-20. 

NAME(N.J) 

Name of each WBS item (j ■ 6, required for 
of 23 letters; see WBS Item Card symbols.) 

storage 

COST(N) 

Cost of each WBS Item 


CST(N.L) 

Cost spread for each WBS item. 


KT(M.J) 

Test array for holding data from the K(N,J) 
In the sorting routine. 

array 

KT(N,1) 

KT(N,2) 

KT(N,3) 

KT(N,4) 

■ K(N,l-4) - WBS number 

- K(N,5) - N 

- K(N,6) - NG 

> K(N,7) defined above 



NG Arrays The NG arrays are defined as arrays with an NG subscript 

used to store data associated with Type 9 WBS Items. 

AG(NG) • A 1 

KX(NG) " * f 

KB(NG) • B > Cost data from Type 9 UBS Item Cards. A Is a ratio. 

RC(NG) ■ ^ \ »re another WBS item number. 

KD(NG) - D ) 

COSTG(NG) Cost of each Type 9 WBS item 

CSTG(NG,L) Cost spread for each Type 9 WBS Item 
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HG Arrays 


(Continued) 


KBGG(NG) 

- KBG 

KPKG(NG) 

- KPK 

KENG(NG) 

- KEN 

KSG(NG) 

- KS 


^ Cost spreading data for each Type 9 card 


Rate Array 

R(I) 


This array stores rates from the Rate Card 


Cost Spreading Arrays (L * period number) 


CC(L) 

CX(L) 

TINC(L) 

CSTT(L) 

GSTT(L) 

CSl(L) ) 
CS2(L) > 
CS3(L) ; 

KBPS(L) 


Repository for cost spreads for each WBS Item 
prior to transfer to COST(N,L) or COSTG(NG,L) 

Array used In calculation of the bell-shaped cost 
spreads (Spread Options 1, 2 and 3) 

Array used In calculation of Option 5 cost spreads 

Cost spread for total program costs 

Cost spread for program total of Type 9 card costs 

Cost accumulators used in sunning cost spreads In the 
summing programs at Levels 2, 3, and 4, respectively 

Period nunbers where KBPS(l) equals the number KBP on 
the Title Card. See last paragraph under heading 
"Cost Spreading." 


BPS(L) 


Same as KBPS(L) in floating point form; used for X-axis 
of graphs. 


PA(I 

and 

QA(I 


,J)) 


These store values of P and Q used in bell-shaped 
(Beta curve) cost spreading formulas (I = 1,3) (J ■ 1,9) 


Alphabetical List 


A 

B 

C 

b 




Cl 

C2 

C3 


! 


Amomt 


Costing data; see UBS Item Card symbols 


Cost accumulators used In summing costs In the cost 
arrays at Levels 2, 3, and 4, respectively (Corresponding 
cost spread accumulators are CSl(L) , CS2(L) and CS3(L) ; 
see L arrays above. 

Cost tent used In computing Options 4 and 5 cost spreads 
on Type 4 cards 


CCST 


Cost of WBS element, prior to entry in COST(N) array 


COSTT 


Total program costs 
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DIFF 

DIFFP 

DIFFQ 

FSACT 


FLAT or 
IFLAT 

GOSTI 


Difference 
Difference In P 
Difference In Q 


Terms used In Interpolating values of 
P and Q from PA and QA arrays 


Fraction of time equal to one r no. of periods In spreading 
calculations 


Number of periods In flat portion of Option 5 spread curve 


Total costs for all Type 9 cards 


GRAPH 

II 

I CASE 


Subroutine added to the basic program to print data in X-Y 
CRT format 

Used as subscript to KODEA(II) and KODEB(II) to identify codes 
on additional code run cards; see Steps 1820, 1866 and 1868. 

Dummy variable used to count individual cases in a multiple 
case run. 


ICODA(I) \ 
ICODB(I) f 

ICRV 

IDPO 


Code names; see Code Name Card data input 

Input variable indicating whether or not graphs are to be 
produced; see Title Card 

Input data printout; see Title Card 


INC or 
FINC 

ITLE 


Number of periods in Increasing portion of Option 5 cost 
spread curve 

Title for graphs 


K1 

K2 

K3 

K4 

KBB 


s 


K£G 

KBP 

KDEA 

KDEB 

KDSET 


KEN 

KEP 

KHl 

KH2 

KH3 

KH4 


Terms designating WBS numbers for prior cards at Levels 1,2, 
3, and 4, respectively in the cost sunanlng programs 

Term used to indicate whether WBS item is a basket item. 

KBB ■ 1 it is; 0 it is not. 

Begin spread; see WBS Item Card 

Begin Period; see Title Card 

Code numbers A and B on WBS Item Cards 

Decimal set. KDSET > 1 means divisions to set decimal 
have been completed previously; 0 means they have not. 

End of spread; see Title Card 

End Period; see Title Card 


Terms for holding KT(N,J) data during sorting routine 
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RODEA(I) 

RODEB(I) 


Code Nunobers A and B on Title and Additional Code Run 
Cards ; see Input Data Symbols 


KOOPO Code printout. KODPO - 1 means code printout. KODPO ■ 0 

means no code printout. Used when going through summing, 
printing and code matching routines. 


KOSTG 


KP 

KPD 


Term used to identify whether calculations are for Type 9 
or non- Type 9 cards. 

KOSTG ■ 0 Non-Type 9 cards 
KOSTG ■ 1 Type 9 cards 

Term used to retain value of N In sorting routine when it 
Is. necessary to start shifting WBS numbers in line position. 

Position of decimal; see Title Card 


KPK 

KPOS 

KPONS 

KS 


Peak of spread; see WBS Item Card 
Printout level spread; see Title Card 
Printout level no-spread; see Title Card 
Spread Option; see WBS Item Card 


KSP 


KSPO 


KTP 

KUNITS 


LC 


LENGTH 

LEV » i) 
LEV - 2 I 
LEV - 3 I 

LEV - a; 


Term used to Identify whether the printout operations 
require printout of cost spreading data or not. 

KSP » 0 No spread printout 

KSP 1 Printout cost spread 

Spread. A term used in conjunction with the line counter 
(LC) to allow enough lines for printing of spread costs for 
each Item. 

KSPD “2 xip to 8 spread periods. 

KSPD ■ 3 9-16 spread periods 

KSPD - A 17-2 A spread periods 

Card type; see WBS Item Card 

Units program Is working In dollars, man-months, etc. 

See Title Card synl>ols. 

Line counter. Counts lines during printout to provide 
wider margins . 

Number of periods in cost spread for a WBS item. 

Terms designating WBS level to be printed out. 

LEV "1, print Level 1 

LEV "2, print Levels 1 and 2 

etc. 


LS 


Length of spread (number of periods) for total program. 
Defined as LS - KEP - KBP + 1 following Step 52. 
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N 

NAMX 

NAMY 

NAR 

NC 

NCASE 

NG 

NGC 

NP 

NPRINT 


Subscript designating WBS Card number or K(N,J) line number 

Labels for X and Y axes of graphs 

Nvimber of Additional Code Runs; see Title Card 
Number of WBS Item Cards 

Number of individual cases to be processed in a single run 

Subscript designating Type 9 WBS Card number 
Number of Type 9 cards 
Subscript, equals K(N,5) 

A counter which counts the number of printouts and is then 
compared with NAR to see if additional printouts are required 


P 

Q 


Terms used in bell-shaped (Options 1, 2, 3) cost spreading 
formulas; see Cost Spreading. 


Rl, R2 .. . Rates entered on Rate Card 
ST Starting period for cost spread 


SUM 

TP 

X 


Term used in bell-shaped spreading curve formulas and in 
Type 5 spread formulas 

Time of Peak in spread curve calculation 

Costing data; see WBS Item Card Data. 
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PROGRAM FLOW CHART 
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DIMENSION 

ARRAYS 


ENTER P AND 
Q ARRAYS 


NOTE: PROGRAM STATEMENT NUMBERS ARE INDICATED AT TOP LEFT 
OF BLOCKS FOR REFERENCE TO FORTRAN SOURCE DECK. 


Read number 
of cases to 
be processed 

40 I 
Read 

title card 


Plots? 


ENTER WBS 
NUMBER a VAIUE 
OF N IN K(KJ) 
ARRAY 


FROM 115 

rr\ 


YES / type 9 \noJ SUBSTITUTE RATES 










































Space Division 
Rockwell International 


FROM 129 



SD 74-SA-0156 







^1^ Space Division 
^1^ Rockwell International 
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TYICU4CAIIM 
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raOM READING LAST WBS CARO 
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DETAILS OF SUMMmO FSOGRAM 



SD 74-SA-0156 
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SUMMING raOGIIAM FOH TYFC 9 CARDS 



60 TO IMI 
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FRM1M0R 1772 


FRINTOUT 

© FROM 1M1 FOR 
COOE PRINTOUT 


» FIRST PRINTOUT 
A COOE PRINTOUT? 


KOOPO>1.KOSTG*S, 

ll-NPRINT«1 


GO TO 700 


HAS The decimal point I yes 
BEEN SETT I 



NO SPREAD PRINTOUT? 


FROM 2840 2208 


INITIALIZE LINE 
COUNTER AND WRITE 
PAGE TITLE 


I CODE PRINTOUT? | 

2238 i 

|WRITE CODES AND CODE NAMEs| 

22802381 y 

I WRITE COLUMN HEADINGS | 


00 TO 2280 
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ANNEX C 

SOURCE PROGRAM LISTING* 


* Program listing in format for IBM machines. 
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fSN 0002 

ISN 0003 

ISN 0004 

ISN 0005 

ISN 0006 
ISN 0007 


ISN 0008 
ISN 0009 
ISN 0010 
ISN 0011 
ISN 0012 
ISN 0013 
ISN 0014 
ISN 0015 
ISN 0016 
ISN 0017 
ISN 0018 
ISN 0019 

ISN 0020 
ISN 0021 


ISN 0022 
ISN 0024 
ISN 0025 
ISN 0026 
ISN 0027 
ISN 0028 
ISN 0029 
ISN 0030 
ISN 0031 
ISN 0032 
rsff 0033 
ISN 0034 
ISN 0035 
ISN 0036 
ISN 0037 
I^N 0038 
ISN 0039 
ISN 0040 
ISN 0041 
iSN 0042 
ISN 0043 
ISN 0044 
ISN 0045 
ISN 0046 
ISN 0047 
ISN 0048 
ISN 0049 


ISN 0050 
ISN 0051 
ISN 0052 
ISN 0053 
ISN 0054 
iSTii' ff055 
ISN 0056 
ISN 0057 



Space Division 

RockweH Internationai 


C ***«****«*****«««««*****6***«4**«**«**4<6* 


c ,SCM1 



OiMENSiON K( 1000.71 ,CST( 1000.24 1 ,NANE 1 1000.61 , COST 1 10001 « 

•KT( 1000.41 

DIMENSION AGI251 .KX(25> ,K6 ( 25 1 ,KC 1 25 1 .KOI 25 > .COSTGI 25 1 . KBGGI 251 . 
• KPKG(25».KENGC25r.kSGI25'»,CSTGI25.241 
DIMENSION CCf 24I.CXI24I ,riNCt24l,CSTTI24) .GSTTI24I ,CS1( 241. 

*CS^I24J.CS3(24I .KBPSI24J 

DIMENSION R 19 i. PA 13.91 .QAI 3 .9) .Kl TLEI 10 I • KOOE AI99I .KOOEBI 99 ) . 
4KUNITSI3I.NAHXI 18).NAMmai,ITLEIlB).BPSI24l 

DIMENSION IC00A199,10I.IC 0DB I 99.101 

DATA PA /I. 11, 1.25. 1.49. 1.23, 1.59. 2. 14. 1.37. 1.98. 2.98. 1.51. 2. 41. 
*3.90, 1.63,2. 83,4.78,1.76,3.13.5.36,1.85.3.27.5.58.1.92.3.28. 

*5.50,1.96,3.20,5.23/ _ _ 

REAbiS, 80001 NCASE ■ 

8000 FORMAT I 151 

DO 36 1=1,3 

DO 35 j=l,9 

35 QA( 1,1 10-JI »=PAII,J) 

36 CONTINUE 

DQ'900b* ICASE = 1, NCASE 

DO 37 J = 1,90 

KODEAUI = 0 _ 

KQDEBIJ) =0 

37 CONTINUE 

40 READ(5,411 (KITLEI J I, J-1.1 0».KBP.KEP.KPD,KPON S.K POS. KO D EAUI , 
•kODEBI 1)7NAR, lOPO.ICRV.lkUNITSf 1 1 .1 = 1 .31 

41 FORMAT I 10A4,2I2,8X,5I1.I2.2I1.8X.2A4.A2I 

WRITE 16,411 IK ITLE I Jl.J=1.10I.KflP.KE P.KP D,KP 0NS. KP0S. KODEAUI, 


*KOOEB( n.NAR, IDPO, ICRV. I KUNI TSI 1 1 . I = 1 .3 1 
IF lICRV.LE.Ot GO TO 12 

11 READ 15,131 NAMX ' ““ 

WRITE(6,13) NAMX 

READ (5,131 NAMY 
WRiTE(6, I3l NAMY 
READ (5,131 ITLE 
WRITE(6,13I ITLE 

13 FORMAT! 18A4I ' 

12 NNN = NAR * 1 

IF (KODEAUI -01 60,60.61 

60 IF TK(JorBUl-Ol 63,63inSl ‘ 

61 REA0(5.621 ( (CODA( 1 , J 1 . J=1 , 101 , I ICOOBIl , Jl . J*1 , 101 

62 FORMAT (10A4.10A41 

63 IF (NAR-01 45,45,42 - - 

42 DO 44 1 = 2, NNN 

READ( 5,431 K00EA( 1 1 .KODEBI 1 1 

43 FORMAT' (55X, 2 in ~ 

READ (5,641 (IC0DA(I,J1,J=1,101,(IC00B(I,J1,J=1.101 

64 FORMAT I10A4, 10A41 

44 CONTINUE ' ' “ 

45 READ (5,461 (R(I1,I=1,91 

46 FORMAT (9F8.31 

47 IF(iOP0-bl 50, 50,48 ~ ‘ 

48 WRITE (6,81 

8 FORMAT ( 1H1///15X, • INPUT 0ATA*///1 
MRITE(6,491 

49 FORMAT ( 2X, • TYPE • , 2X , *WBS NO. • . lOX, 'NAME* ,10X, «CODE< . 7X, 

*‘A*. lOX, 'B'.IOX.'C* ,10X,'D*,9X,*E*,4X,*B',2X,*P*,2X,*F* , 
*TX,*S*/77l ’ 

50 N = 0 
NG = 0 

52 KOSTG =0 

LS = KEP - KBP ♦ 1 

100 N = N 4 1 

101 CQSTINI » 0 
DO 102 L=1,LS 

102 CSTIN.Ll = 0 
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ISN 

0058 


KIN, 71 * 0 

ISN 

0059 


KIN, 61 = 0 

ISN 

0060 

103 

REA0I5.106I KTP.IKIN.J) 



6KDEB.C,X,BtC.0,KBG«KPKtl 

ISN 

0061 

106 

FORNATI 11, 612, 5A6, A3, 21! 

ISN 

0062 


IF <KTP.E0.7) Go to 600 

ISN 

006A 


IF (lOPO-OI 105,105,99 

ISN 

0065 

99 

MRITEI6, lOIKTP, (KIN.J) ,. 



«C,OtKBGtKPK,KEN,KS 

ISN 

0066 

10 

FORMAT (6X, 11. IX, 31 12.'. 



«2I1 t IX, 61 EB. 2 t 1X1. E8. 2. 

ISN 

0067 

105 

K(N,5I=N 

ISN 

0068 

106 

IFIA-O.Oi 113,107,113 

ISN 

0069 

107 

IF(X-O.O) 113,108,113 

ISN 

0070 

108 

IFIB-O.O) 113,109,113 

ISN 

0071 

109 

IFIC-O.Ol 113,110,113 

ISN 

0072 

110 

IF(O-O.O) 113.112,113 

ISN 

0073 

112 

K8B = 1 

ISN 

0076 


GO TO 116 

ISN 

0075 

113 

KBB = 0 

ISN 

0076 

116 

KIN, 71 = KBB*100 *■ KOEA' 

ISN 

0077 

115 

no 117 1=1,9 

ISN 

0078 


TEMP=I 

ISN 

0079 


TEMP2=TEMP*1.EF03*9.0E*( 

ISN 

0080 


IF (A-TEMP2) 117,116,11! 

ISN 

0081 

116 

A=R I II 

ISN 

0082 


GO TO 118 

ISN 

0083 

117 

CONTINUE 

ISN 

0086 

118 

IF IKTP-91 122,119,122 

ISN 

0085 

119 

NG = NG ♦ 1 

ISN 

0086 


COSTGINGI = 0 

ISN 

0087 


00 120 L = l.tS 

ISN 

0088 

120 

CSTGING.LI = 0 

ISN 

0089 

121 

KIN, 61 = NG 

ISN 

0090 


AGINGI = A 

ISN 

0091 


KXINGI = X 

ISN 

0092 


KBINGI = B 

ISN 

0093 


KCINGI = C 

ISN 

0096 


KOINGI = 0 

ISN 

0095 


KBGGINGI = KBG 

ISN 

0096 


KPKGINGI = KPK 

ISN 

0097 


KENGINGI * KEN 

ISN 

0098 


KSGINGI = KS . 

ISN 

0099 


GO TO 100 

ISN 

0100 

122 

00 126 1=1,9 

ISN 

0101 


TEMP » I 

ISN 

0102 


00=TEMP*1.0E*03*9.0E»06 

ISN 

0103 


IF IX-QQ)126,123,126 

ISN 

0106 

123 

X=PI II 

ISN 

0105 


GO TO 125 

ISN 

0106 

126 

CONTINUE 

ISN 

0107 

125 

00 127 1=1,9 

ISN 

0108 


TEMP - I 

ISN 

0109 


00=TEMP*1.0E*03+9.0E«-06 

ISN 

0110 


IF IB-QQil27,126,127 

ISN 

0111 

126 

B=PI I 1 

ISN 

0112 


GO TO 129 

ISN 

0113 

127 

CONTINUE 

ISN 

0116 

129 

IF IKTP-OI 130,100,130 

ISN 

0115 

130 

IF IKTP-ll 131.135,131 

ISN 

0116 

131 

IF IKTP-21 132,165,132 

ISN 

0117 

132 

If IKTP-8) 136,165,136 

ISN 

0118 

133 

WRITEI6,136I IKIN,LI,L=I 

ISN 

0119 

136 

FORMAT 1 1H1//10X, 'ERROR 



661 12. • I,6X,5A6,A3I 

I SN 

0120 


GO TO 100 

ISN 

0121 

135 

IF IC-O.I 138,137,138 

ISN 

0122 

137 

C = 1.0 

ISN 

0123 

138 

CCST = lA ♦ IX**B1 *CI ' 

ISN 

0126 


GO TO 165 

ISN 

0125 

136 

IF IKTP-31 133.160,133 

ISN 

0126 

160 

CCST = IA*XI ♦ |8*CI ♦ t 

ISN 

0127 


GO TO 165 

ISN 

0128 

165 

IF lA-O.OI 150,166,150 

ISN 

0129 

166 

IF IX-O.O) 150,167,150 

ISN 

0130 

167 

IF IB-0.01 150,168,150 


I.12,1X«5A4,A3. 

3(1X,I2I*1X,11I 


♦ 0 
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ISN 0131 

isN on? 

ISN 0133 
ISN 0134 
ISN 0135 
rSN 0136 
ISN 0137 
ISN 0138 
ISN 0139 
ISN 0140 
ISN 0141 
ISN 0142 
ISN 0143 
ISN 0144 
ISN 0145 
ISN 0146 
ISN 0147 
ISN' 0148 
ISN 0149 
ISN 0150 
ISN 0151 
ISN 0152 
ISN 0153 
■IS'N 0154 
ISN 0155 
ISN 0156 
ISN 0157 
ISN 0158 
ISN 0159 
ISN '0160 

ISN 0161 
ISN 0162 
ISN 0163 
I ^N 0164 
ISN 0165 
ISN 0166 
ISN 0167 


148 IF IC-0.01 150,149,150 

149 IF ID-0.01 150.100,150 

150 IFI4-0. 0)152, 151, 152 

151 A=1.0 

152 IFIX-O. 01154, 153, 154 

153 X=i.O 

154 IFIB-O. 01156, 155,156 

155 8=1.0 

156 IFIC-0.0)lSa,i57,15'8 

157 C=1.0 

158 IFID-0.0) 163,159,163 

159 0=1.0 

163 IF IKTP-2) 430,164.430 

164 CCST = A*X4B*C*0 

165 COSTIN) = CCST 

170 IFIKPQS-01172,130,172 
172 IF IKS-OI 200,100.200 

200 IF IKS-n 202.201,202 . 

201 I = 1 

GO TO 210 

202 IF IKS-21 204,203,204 

203 1=2 

GO TO 210 

204 IF IKS-31 206,205,206 

205 1=3 

GO TO 210 

206 IF IKS-4) 207,310,207 

207 IF IKS-51 208,325,208 

208 WRITFI6,209) I K I N ,U ,L=1 ,4) . I NAME I N , J I , J = 1 ,6 ) 

209 FORMAT I IHl / / iOX, •ERROR IN COST SPREADING OPTION ON W8S CARD NO.', 
*2X,4f I2,*.'I,6X.5A4,A3) 

GO TO 203 

210 LENGTH = KEN-KBG*! 

MAX = KPK-KBG^l 
ZLNGTH = LENGTH 
FRACT= l.d/ZLNGTH 
AMAX = MAX 

TP = I AMAX-0.5I4FRACT 


ISN 0168 
ISN 0169 
ISN 0170 
ISN 0171 
ISN 0172 
ISN 0173 
ISN 0174 
ISN 0175 
ISN 0176 
ISN 0177 
ISN 0178 
rSN Cil79 
ISN 0180 
ISN 0181 
ISN 0182 
ISN 0183 
ISJI 0184 
ISN 0185 
ISN 0186 
ISN 0187 
ISN 0183 
ISN 0139 
ISN0190 
iSN 0191 
ISN 0192 
ISN 0193 
ISN 0194 
ISN 0195 
I^ 0196 
ISN '0197 
ISN 0198 
ISN 0199 
ISN 0200 
ISN 0201 
iy^_0202 
rSN 0203 
ISN 0204 
ISN 0205 


215 IF ITP-0.1) 216.216,217 

216 P = PAI I, II 
0 = 0A( I , II 
GO TO 234 

217 IF ITP-0.9) 222,218,218 

218 P = PAI 1,91 
0 = OAI 1,91 
GO TO 234 

222 DO 223 KK=l,9 
J = KK 

IF ITP - (0.1«KKI) 225,225,223 

223 CONTINUE 

225 OIFF = TP - I0.1*IJ-1M 
PROP = OIFF • 10. 0 
OIFFP = PAII.J) - PAII,J-1I 
P = PA(I,J-U ♦<PROP*DIFFP) 

OIFFQ = QAII.J) - 0A(I,J-1I 
0 = OAI I, J-iniPROP^DIFFO)' 

234 SUM = 0 

00 235 L=l, LENGTH 
ZL = L 

T = IZL-0.50I*FRACT 

CXIL) = IT*4IP-1.0II ♦ 1 1 1.0-T|**IO-1.0n 
SUM = SUM ♦ CXIL) 

235 CONTINUE 

DO 238 L=l, LENGTH 
CCIL) =ICXILI/SUMI* CCST 
238 CONTINUE 

291 IST= KBG - KBP 

292 IF IKOSTC-i) 293,296,293 

293 00 294 L=l , length 

294 CSTIN,L*IST) = CCUI 
GO TO 100 

296 DO 297 L=l, LENGTH 

297 CSTGING,L*IST) = CCIL) 

GO TO 1240 ■ 

310 IF IKEN-0) 311,311,312 

311 KEN = KEP 
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tSN 0 206 
ISN 0207 
ISN 0208 
ISN 0209 
ISN 0210 
ISN 0211 
ISN 0212 
ISN 0213 
ISN 0214 
ISN 0215 
ISN 0216 
ISN 0217 
ISN 0218 
ISN 0219 
ISN 0220 
ISN 0221 
ISN 0222 
ISN 0223 
ISN 0224 
ISN 0225 
ISN 0226 
ISN 0227 
ISN 0228 
ISN 0229 
ISN 0230 
ISN 0231 
ISN 0232 
ISN 0233 
ISN 0234 
ISN 0235 
ISN 0236 
ISN 0237 
ISN 0238 
ISN 0239 
ISN 0240 
iSN 0241 
ISN 0242 
ISN 0243 


312 LFNGTH = KEN-KBG*! 

315 AMOUNT = CCST/LENGTH 
00 320 L=l, LENGTH 
320 CCILI = AMOUNT 
GO TO 291 

325 INC=KPK-KBG 

IF (INCI 310,310,326 

326 IF (KEN-OI 330,328,330 
328 KEN=KEP 

330 IFLAT«KEN-KPK»1 

LENGTH = INC ♦ IFLAT 
FINC = INC 
FRACT = 1.0/FINC 
SUM = 0 

00 350 1=1, INC 
ZI = I 

TINCm =(ZI - 0.5JPFRACT 

CXI n = 1.0 - (2.718**l-4.65*TIIttin**2.732li 
SUM = SUM ♦ CXI 1 1 
350 CONTINUE 

FLAT = IFLAT 
SUM = SUM ♦ FLAT 
00 360 J=l, IFLAT 
CXI INC*J»=i.O 
360 CONTINUE 

00 370 L=l, LENGTH 
CCILI = ICXILI/SUMI*CCST 
370 CONTINUE 
GO TO 291 

430 IF IKS-4i 431,450,431 

431 IF IKS-51 432,490.432 

432 HRITEI6,209I I K I N.L I ,L-1 , 41 , (NAME I N, J) , J= 1 ,61 
GO TO 450 

450 AMOUNT = A*X*B*C*0 

IF (KEN-OI 470,460,470 
460 KEN=KEP 

470 LENGTH = KEN-KBG+1 
ZLNGTH » LENGTH 


ISN 0244 
ISN 0245 
ISN 0246 
ISN 0247 
ISN 0248 
ISN 0249 
ISN 0250 
ISN 0251 
ISN 0252 
ISN 0253 
ISN 0254 
ISN 0255 
ISN 0256 
ISN 0257 
ISN 0258 
ISN 0259 
ISN 0260 
ISN 0261 
ISN 0262 
ISN 0263 
ISN 0264 
ISN 0265 
ISN 0266 
ISN 0267 
ISN 0268 
ISN 0269 
ISN 0270 
ISN 0271 
ISN 0272 
ISN 0273 
ISN 0274 
ISN 0275 
ISN 0276 
ISN 0277 
ISN 0278 
ISN 0279 
ISN 0280 
ISN 0281 


CCST = ZLNGTH*AMOUNT 

cosTiNi = ccsr 

00 480 L=l, LENGTH 
CCILI = AMOUNT 
480 CONTINUE 
GO TO 291 

490 AMOUNT = A*X*B*C*0 
500 INC = KPK - K8G 
FINC = INC 

IF (KEN-OI 510,502.510 
502 KEN=KEP 
510 IFLAT = KEN-KPK*! 

LENGTH = INC* IFLAT 
520 FRACT = 1.0/FINC 
00 530 1=1, INC 
TI = I 

TINCIII = I TI-0.5I4FRACT 

CXIli = 1.0- (2. 718**(-4.65*fttNClII**2. 732111 
530 CONTINUE 

no 540 J=l, IFLAT 
540 CXI INCFJI = l.O 
CCST = 0.0 

00 560 L=l, LENGTH _ 

CC(Lr= CX(LI*AMOUNT 
CCST » CCST ♦ CCILI 
560 COSTINI = CCST 
GO TO '291 
600 NC = N - 1 
NGC = NG 
NPRINf =0 
KOOPO * 0 
KOSET = 0 
615 00 618 N=l,NC 

KT(N,ll = 1000000*K(N,ll ♦ 10000*K(N,2I ♦ 100*K(N,3I * KIN, 41 

KT(N,2I • KIN, 51 _ _ 

ktlN,4l = k(N, 71 

618 KTIN.3I = KIN, 61 

619 FORMAT (10X,8I12I 
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Space Division 

Rockwell International 


ISN 

02B2 


KP = 0 

ISN 

0283 


N = 0 

ISN 

0284 

620 

N = N*l 

ISN 

0288 


IF IN-NCI 622.660,660 

ISN 

0286 

622 

IF IKTIN.ll-KTIN^l.UI 625,650,640 

llN 

0287 

625 

IF IKP-Nj 626,620,627 

ISN 

0288 

626 

GO TO 620 

ISN 

0289 

627 

N-»KP 

ISN 

0290 


GO TO 620 

ISN 

0291 

640 

K.Hl = KTIN, 1 1 

ISN 

0292 


KH2 « KTIN, 2) 

ISN 

0293 


KH3 » KTIN, 31 

ISN 

0294 


KH4>KT(N,4I 

ISN 

0295 


KTIN, 11 = KTIN«-1.1I 

ISN 

0296 


KTIN, 21 > KTIN^1.2I 

ISN 

0297 


KTIN, 31 » KTIN«-l,3) 

ISN 

0298 


KTIN, 41 > KTIN41.4I 

ISN 

0299 


KriN»l.ll = KHl 

ISN 

0300 


KTIN41.2I = KH2 

ISN 

0301 


KTIN«1.3I = KH3 

ISN 

0302 


KTIN+1,41 « KH4 

ISN 

0303 


IF IKP-Ni 641,641,642 

ISN 

0304 

641 

KP = N 

ISN 

0305 

642 

N * N -1 

ISN 

0306 


IF IN-01 643,643,622 

ISN 

0307 

643 

N = 1 

ISN 

0308 


GO TO 622 

ISN 

0309 

650 

KRITE 16,6511 N 

ISN 

0310 

651 

FORMAT 1 1H1//10X, •ERROR ON U8S CARD NUMBER* , 15/// t 

ISN 

0311 


WRITEI6,619I IKTINN,U,NN«1,NCI 

ISN 

0312 


GO TO 620 

ISN 

0313 

660 

00 670 N = 1,NC 

ISN 

0314 


KIN, 11 =IKTIN, 11 1/1000000 

ISN 

0315 


KIN,2I =(KTIN, ll/lOOOOl - KIN, 11*100 

ISN 

0316 


KIN, 31 = IKTIN, 11/1001 - IKIN, 11*100001 - IKIN, 21*1001 

ISN 

0317 


KIN, 4) = KT I N,U-I KIN, 1) *10000001 -I KrN,2l*l0'6601-lklN,3) *1001 

ISN 

0318 


KIN, 51 « KTIN, 21 

ISN 

0319 


KIN, 7) » KTIN, 41 


ISN 

0320 

670 

KIN, 6) KTIN, 31 

ISN 

0321 

700 

Cl = 0.0 

ISN 

0322 


C2 = 0.0 

ISN 

0323 


C3 = 0.0 

ISN 

0324 


COSTT = 0.0 

ISN 

0325 


IF IKPOS-OI 701,746,701 

ISN 

0326 

701 

no 705 L=1,LS 

ISN 

0327 


CSTTILI = 0,0 

ISN 

0328 


CSIILI = 0.0 

ISN 

0329 


CS2IU = 0.0 

ISN 

0330 

705 

CS3IL) = 0.0 

ISN 

0331 

746 

K1 * 0 

ISN 

0332 


K2 = 0 

ISN 

0333 


K3 = 0 

ISN 

0334 


K4 = 0 

ISN 

0335 


N = NC ♦ 1 

ISN 

0336 

706 

IF IKODPO-OI 1840,710,1840 

ISN 

0337 

710 

N = N - 1 

ISN 

0338 

720 

IF IN-OI 1200.1200,741 

ISN 

0339 

741 

IF (KIN, 21-01 744,742,750 

ISN 

0340 

742 

IF IKIN, 31-0) 744,743.744 

ISN 

0341 

744 

WRITE (6,651) N 

ISN 

0342 


WRITE 16,619) (KTINN,1I,NN«1,NC) 

ISN 

0 343 

743 

IF IKIN, 41-01 745,1100,745 

ISN 

0344 

745 

WRITE 16,651 ) N 

ISN 

0345 


WRITE 16,6191 IKT(NN,1),NN>1,NCI 

ISN 

0346 


GO TO 1100 

ISN 

0347 

750 

IF IKIN,3)-0) 751,751,760 

ISN 

0 348 

751 

IF IKIN, 41-0) 752,1000,650 

ISN 

0349 

752 

WRITE 16,6511 N 

ISN 

0350 


WRITE 16,6191 IKT(NN,ll,NN3l,NC) 

ISN 

0351 


GO TO 1000 

ISN 

0352 

760 

IF IKIN. 41-0) 900,900,800 

ISN 

0353 

800 

C3 = C3 ♦ C0STIK(N,5II 

ISN 

0354 


IF IKPOS-OI 801,805,801 

ISN 

0355 

801 

00 802 L>1,LS 

ISN 

0356 

802 

CS3IL) = CS3II) ♦ CST(KIN,5),l) 

ISN 

0357 

805 

IF |K|N,3)-K3I 810,811,810 


cs 
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Space Division 

Rockwell International 


ISN 

0358 

810 

K1 = KIN, 11 

ISN 

0359 


K2 = KIN, 21 

ISN 

0360 


K3 = KIN, 31 

ISN 

0351 


K6 = KIN, 61 

ISN 

0362 

811 

IF IKOOPO-1) 710,1860,710 

ISN 

0363 

900 

IF |KIN,3)-K3) 960,910,960. 

ISN 

0366 

910 

C0STIK1N,5|I < COSTIKIN,5li ♦ C3 

ISN 

0365 


C2 = C2 > C0STIK1N,5II 

ISN 

0 366 


C3 = 0.0 

ISN 

0 36T 


IF IKPOS-OI 920.1163,920 

ISN 

0368 

920 

00 930 L«1,LS 

iSN 

0369 


CSTIKIN,5I,U = CSTlkiN,5i,U ♦ CS3 

ISN 

03T0 


CS2ILI = CS2ILI CSTtKlN,St,L) 

ISN 

0371 

930 

CS3IL) • 0.0 

ISN 

0 372 


IF IKODPO-ll 710,1860,710 

ISN 

0373 

960 

C2 = C2 ♦ CaSTIKtN,5l) 

ISN 

0376 


IF IKPOS - 0) 961,950,961 

ISN 

0375 

961 

bo 962 L=1,LS 

ISN 

0376 

962 

CS2ILI » CS2ILI * CSriKIN.SI,!) 

ISN 

0377 

950 

K1 = KIN, 11 

ISN 

0378 


K2 = KIN, 2) 

ISN 

0379 


K3 - KIN, 3) 

ISN 

0380 


IF IKODPO-1) 710,1860,710 

ISN 

0381 

1000 

IF lkIN.2i-K2l 1060,1010,1060 

ISN 

0382 

1010 

IF 1K1N,6)-01 1011,1020,1011 

ISN 

0383 

1011 

WRITE 16,6511 N 

ISN 

0386 


WRITE 16,6191 lKTINN,lt,NN=l,NCi 

ISN 

0385 

1020 

COSTIKIN,5H « CaSTlKlN.5ll * C2 

ISN 

0386 


Cl = Cl » C0ST1KIN,5II 

ISN 

0337 


C2 * 0 

ISN 

0388 


K3 = KIN, 31 

ISN 

0389 


IFIKPOS-OI 1030,1163,1030 

ISN 

0390 

1030 

00 1031 U=1,LS 

ISN 

0391 


CSTIKIN,5),LI * CSTIKIN,51,U *■ CS2 

ISN 

0392 


CSIILI = CSlILl ♦ CSTIKIN,5l,n 

ISN 

039 3 

1031 

CS2IU = 0.0 

ISN 

0396 


IF IKOOPO-II 710,1860,710 

ISN 

0395 

O 

o 

Cl = Cl ♦ C0STIKIN,5»I 

ISN 

0396 


K1 = KIN.II 

ISN 

0397 


K2 = KIN, 21 

ISN 

0398 


K3 3 KIN, 31 

ISN 

0399 


IF IKPOS-OI 1061,1163,1061 

ISN 

0600 

1061 

00 1062 L»1,LS 

"ISN 

0601 

1062 

tSllLI = CSIIU > CSTIK1N,5I,LI 

ISN 

060 2 


IF IKDDPO-ll 710,1860.710 

ISN 

060 3 

1100 

IF IKIN,1I-K1I 1160,1110,1160 

ISN 

0606 

1110 

IF IK3-0I 1111,1120,1111 

ISN 

0605 

1111 

WRITE 16,651) N 

ISN 

0606 


WRITE 16,619) IKTINN,1),NN«1,NCI 

ISN 

0607' 

1120 

C0STlKlN,5lt = C0STIKIN,5II ♦ Cl 

ISN 

0608 


COSTT = COSTT C0ST1K1N.5>I 

ISN 

0609 


Cl = 0 

ISN 

0610 


K1 « KIN.II 

ISN 

0611 


K2 = KIN, 2) 

ISN 

0612 


IF IKPOS-OI 1130.1163.1130 

ISN 

0613 

1130 

bo 1131 L » 1,LS 

ISN 

0616 


CSTIKIN,5I,LI = CSTIKIN,5I,U ♦ CSll 

ISN 

0615 


CSTTILI * CSTTILI ♦ CSTI KIN, 5) ,L) 

ISN 

0616 

1131 

CSIIL) = 0 

ISN 

0617 


IF IKOOPO-1) 710,1860,710 

ISN 

0618 

1160 

COSTT = COSTT ♦ C0STIKIN,5I) 

ISN 

0619 


K1 = KIN.II 

ISN 

0620 


K2 = KIN, 2) 

ISN 

0621 


K3 = KIN, 31 

ISN 

0622 


IF IKPOS-0) 1161,1163,1161 

ISN 

0623 

1161 

00 1162 L = l.LS 

ISN 

0626 

1162 

CSTTILI = CSTTILI ♦ CST I K (N,5 1 . L I 

ISN 

0625 

1163 

IF IKOOPO-ll 710,1860,710 

ISN 

0626 

1200 

IF INGC-OI 1202,1800,1202 

ISN 

0627 

1202 

KOSTG = 1 

ISN 

0628 

1205 

00 1260 NG>1,NGC 

ISN 

0629 

1210 

A s AGING) 

ISN 

0630 


KBG • KBGGINGI 

ISN 

0631 


KPK = KPKGi'NGi 

ISN 

0632 


KEN ° KENGINGI 

ISN 

0633 


KS = KSGINGI 
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Space Division 

FiockweN International 


ISN 0434 
ISN 043$ 
I» 0436 
tSN 043r 
tSN 0438 
FIn 'W3* 
ISN 0440 
tSN 0441 
iSN 0442 
ISN 0443 
tSN 044 4 
ISN 044$ 
ISN 0446 
ISN 0447 
ISN 0448 
ISN 0449 
ISN 04SO 
iSN 0'451 
ISN 04$2 
ISN 04$3 
ISN 04$4 
ISN 04$S 
ISN 04$6 
iSN 04$7 
ISN 04$8 
ISN 04$9 
ISN 0460 
ISN 0461 
ISN 0462 
:SN 0463 
ISN 0464 
ISN 046$ 
ISN 0466 
ISN 0467 
ISN 0468 
iSN 0469 
ISN 0470 
SN 0471 


$100 IF iKXINGt-OI l211»5tOUt2Il 
$101 IF IRBINGI-OI 1211*S102»12lt 
$102 IF iRC(NCi-oi i2ii»si03.mi 
$103 IF IKOINGI-OI 12U,StlO»t211 
$110 CCST « * * COST? 


$120 

1211 


COStGINOI - CCST 
IF IKFOS-OI $120. 1240. $120 
IFIKS-OI 200,1^40.200 
DO 1217 N>'l.NC 


N2 > N 

1212 IF nt lN.II-KXINGIl 121 7 .1213.1212 

1213 IF 1IIN.2I-RBINGII 1217.12ll4.1217 

1214 IF IKIN.3I-KCINGII 1217.121$.121T 
121$ IF IKIN.41-K0INCII 1217.1220.1217 
1217 CONTINUE 

1220 CCST > A*fC0STtRtN2.Sllt 

COS TGINGI - CCST . 

1229 IF IRFOS - 01 1230.1240.1230 

1230 IF fRS-OI 200.1240.200 

1240 CONTINUE _ 

1300 GOSTT > 0.0 

DO 1301 L « l.LS 
1301, »TT(L1 » 0.0 _ _ _ 

Cl'- d.b 
C2 > 0.0 
C3 - 0.0 
DO 130$ L « l.LS 
CSlILl » 0.0 
CS2ILI « 0.0 
130$ CS3ILI~« 0.0 
Rl • 0 
R2 « 0 


R3 > 0 
R4 > 0 

N • NC ♦ 1 

1310 N« N - 1 

1320 IF IN-01 1341.1770,1341 
1341 IF IRIN. 21-01 1700,1700tl3S0 


ISN 0472 
ISN 0473 
iSN 0474 
ISN 047$ 
ISN 0476 
rSN'0477 
ISN 0478 
ISN 0479 
fSN 0480 
ISN 0481 
ISN 0482 
rSN~0483 
ISN 0484 
ISN 048$ 
ISN 0486 
ISN 0487 
ISN 0488 
ISN 0489 
ISN 0490 
ISN 0491 
ISN 0492 
ISN 0493 
IJN 0494 
ISN 049$ 
ISN 0496 
ISN 0497 
ISN 0498 
ISN 0499 
ISN 0900 
fSN 5$0i 
ISN 0902 
ISN 0903 
ISN 0904 
ISN 0$0S 
ISN 0906 
iSN 5so> 
ISN 0908 
ISN 0909 


1390 IF IRIN, 31-01 1600.1600.1360 
1360 IF IRIN.4I-0I 1900.1900.1400 
1400 IF IrIN. 61-01 1310.1310.1409 
140$ C0ST1RIN.9II - COSTlRlN.911 * COSTGIRIN.OI 1 

1406 C3 « C3 ♦ C0STGIRIN.6II 

~ If iRPes=9i i«rra4T9;i4sr 

1407 00 1409 L'l. LS 

1408 CSTIRINj$J,LI • CSTIR1N.9I.II 4 CSTCIRIN.61 .LI 

1409 CS3ILI > CS3IL1 4 CSt6IRIN.61.~LI 

1410 GO TO 1310 

1900 IF IKIN.6I-OI 1916 .191 6. 1919 

ISIS <T3 - «3~4~to5teiRiii;*n 

1916 C0STIRIN.9II - COSTIR1N.9II 4 C3 
C2 « C2 4 C3 
C3 » 0.0 

IF IRFQS-OI 1920,1990.1920 

1520 00 1530 L«I.LS _ _ _ 

~1F iliOi.Ol-OI 1525.1525.l52r ' " ' 

1521 CS31LI - CS3ILI 4 CSTG1RIH.6I .LI 

1529 CSTIRIN.SI.LI « CSTIRIN.91 .L) 4 CS3IL1 
CS2ILI « CS2ILI 4 CS3ILI 

1530 CS3ILI * 0.0 

1550 GO TO 1310 _ _ 

1600 fF iRIN.Oi-OI i6i6,i6i6,i615 
161$ C2 « C2 4 C0STGIKIN.61I 
1616 COSTIRIN.SII « C0STIR1N.51I 4 C2 
Cl « Cl 4 C2 
C2 « 0.0 

IF IRFOS - 01 1620.1690.1620 
1620 bo 1630 L>i.LS~ 

IF IRIN.61-01 1626.1626,162$ 

162$ CS2ILI « CS2IL1 4 CSTCIRIN.61 .LI 
1626 CSTIRIN.SI.LI • CStlRIN.9l.LI 4 CS2ILI 
CSIILI - CSIILI 4 CS2IL1 
1630 CS21LI • 0.0 _ 
i6Sd GO to 1310 

1700 IF IRIN.61-01 1719.1716.1719 
171$ Cl - Cl 4 caST6|R|N.611 


a 


SD74>SA-01S6 


OpSCO UlVISIOfl 

Fkxiwefl internattanal 


IS«I 

OSIO 

1716 COSTIRIN.5)) « COSTIRINaStl 4 Cl 

ISN 

OStt 


GOSTT • eosrf » ci 

ts«i 

0512 


Cl - 0.0 

ISN 

0519 


IF IKFnS-OI 1720.1750.3720 

ISN 

05t« 

1720 

OO 1730 L-l.LS 

ISN 

0515 


IF IKIN.61-0) 1725. 1726.1725 

ISN 

0516 

1725 

rSlIL) • CStILI 4 CSf6CK|M.6l,ll 

ISN 

051T 

1726 

CSTIKIN.SI.LI - CSriKlM.St.LI 4 CSIIL) 

ISN 

0518 


csrriL) « GSTTiLi 4 csmi 

ISN 

0519 

17)0 

CSIILI » 0.0 

ISN 

0520 

1750 

CO TO 1310 

ISN 

0521 

1770 

cosrr > COSTT 4 GOStT 

iSN 

0522 


IF IKFOS-0) 1771.1800.1771 

ISN 

052) 

1771 

OO 1772 L-l.LS 

ISN 

0524 

1772 

csTTiLi < csrriLi 4 osmti 

ISN 

0525 

1800 

IFIKOOE6I 11-011805.1801.1805 

ISN 

0526 

1801 

1 FI KOOE8 1 1 1 -01 1 805. 2000. 1005 

ISN 

0521 

1805 

KOOFO-1 

ISN 

0528 

1810 

KOS7G>0 

ISN 

0529 

1820 

II > NFRINr4| 

ISN 

05)0 


OO 1821 N « l.NC 

ISN 

0511 


IF (IKIN, 71/1001-01 1021.1821.1822 

ISN 

05)2 

1822 

cnsrtriN.sii > o.o 

ISN 

05)) 


IF IRFOS-ll 1821*182). 1823 

ISN 

05)4 

182) 

OO 1824 L > t.l S 

ISN 

05)5 

1824 

CSTIKIN.SI.LI 0.0 

ISN 

05)6 

1821 

CONTINUE 

ISN 

05)7 

18)5 

GO TO 700 

ISN 

05)8 

1840 

N>N-1 

ISN 

05)9 


IFIN-OI 1845. 2000. 1845 

ISN 

0540 

1845 

K8B * KIN.71/100 

ISN 

0541 


K0EA°|KlN.7l-lKB8*1001l/lO 

ISN 

0542 


KOEB>KIN«7l-IK8B*tOOI-(KOEA*IOt 

ISN 

054) 

1850 

NP«KIN,5I 

ISN 

0544 


IF lKBB-1 1 1866. 1 B80. 1866 

ISN 

0545 

1866 

IFIKOOEAIIII-OI 1867.1888.1867 

ISN 

0546 

1867 

IFlKOEA-KaOEAl 1 1 1 1 1870.1868.1870 

ISN 

0547 

1868 

I F I KOOEB 1 1 1 1-0 1 1 869. 1 800. 1 869 

ISN 

0548 

1869 

IFIKOEB-KODEBI 1 1 1 1 1870.1880.1870 

ISN 

0549 

1870 

IFIKBB-l I 1890. 1880. 1890 

ISN 

0550 

1880 

KIN*6l«l 

ISN 

0551 

1885 

GO TO 741 

ISN 

0552 

1890 

KIN.6I«0 

ISN 

055) 

1891 

GO TO 1840 

ISN 

0554 

2000 

IF IKOSET-OI 2201.2001.2201 

ISN 

0555 

2001 

KOSET = KOSET 4 1 

ISN 

0556 

2004 

IF IKPOS-OI 2003.2003.2002 

ISN 

0557 

2002 

K5P « 1 

ISN 

0558 


GO TO 2100 

ISN 

0559 

200) 

KSP « 0 

ISN 

0560 

2100 

IF IKPO-0) 2110.2201.2110 

ISN 

0561 

2110 

IF IKPO-1) 2120.2282,2120 

ISN 

0562 

2282 

COSTT » COSTT/10.0 

ISN 

056) 


on 2283 N^l.NC 

ISN 

0564 

228) 

COSTINI > COSTINI/10.0 

ISN 

0565 


IF IKSP-ll 2201.2284,2201 

ISN 

0566 

2284 

00 2286 L'l.LS 

ISN 

0567 


CSTTILI < CSTTILI/10.0 

ISN 

0568 


DO 2285 N*1.NC 

ISN 

0569 

2285 

CSTIN.LI « CSTIN, Ll/10.0 

ISN 

0570 

2286 

CONTINUE 

ISN 

0571 


GO TO 2701 

ISN 

0572 

2120 

IF IKPO-21 2130.2297.2130 

ISN 

057) 

2297 

COSTT » COSTT/100.0 

ISN 

0574 


00 2298 N>1.NC 

ISN 

0575 

2298 

COSTINI < COSTINI /100.0 

ISN 

0576 


IF IKSP-ll 2201*2299.2201 

ISN 

0577 

2299 

00 2301 L*1.LS 

ISN 

0578 


CSTTILI > CSTTILI/100.0 

ISN 

0579 


00 2300 N-l.NC 

ISN 

0580 

2300 

CSTIN.LI =■ CSTIN.LI/KIO.6 

ISN 

0581 

2301 

CONTINUE 

ISN 

iSN 

0582 

058)' 

2136" 

GO TO 2201 

iF iRPO-3i' 2140*2312*2140 

ISN 

0584 

2312 

COSTT » COSTT/I 1000.0) 

ISN 

0585 


00 2313 N*1,NC 
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ISN 05«4 
tSN OStT 
ISN OSSt 
ISN OSM 
ISN 0$9« 
ISN 0S9I 
ISN 0S92 
ISN 0S93 
ISN 0594 
ISN 0595 
ISN 0596 
ISN 0597 
ISN 0598 
ISN 0599 
ISN 0600 
ISN 0601 
ISN 0602 
ISN 0603 
ISN 0604 
ISN 0605 
ISN 0606 
ISN 0607 
ISN 0608 
ISN 0609 
ISN 0610 
ISN 0611 
ISN 0612 
ISN 0613 
ISN 0614 
ISN 0615 
ISN 0616 
ISN 0617 
ISN 0618 
ISN 0619 
ISN 0620 
ISN 0621 
ISN 0622 
ISN 0623 

ISN 0624 
ISN 0625 
ISN 0626 

ISN 0627 

ISN 0628 
ISN 0629 
ISN 0630 
ISN 0631 
ISN 0632 
fSN 0633 
ISN 0636 
ISN 0635 
ISN 0636 
ISN 0637 
ISN 0638 
ISN 0639 
ISN 0640 
ISN 0641 
ISN 0642 
ISN 0643 
ISN 0646 
tSN 0665 
ISN 0666 
ISN 0647 
ISN 0648 
ISN 0649 
ISN 0650 
ISN 0651 
ISN 0652 
ISN 0653 

ISN 0656 
ISN 0655 
tSN 0656 
ISN 0657 
ISN 0658 


2313 CnSTINI > COSTINI/1000.0 
If IKSP-ll 2201.2316.2201 
2316 00 2316 L-l.LS 

CSTTILI - CSTTm/1000.0 

00 2315 N-l.NC _ 

2315 CSTIN.LI » CSTIN.Ll/lOOO.O 

2316 CONTINUF 
GO TO 2201 

2140 IF IKPn-51 2150.2327.2150 

2327 COSTT - COSTT/IOOOOO.O 

00 2328 N>I.NC _ _ _ 

2328 COSriNI ■ CQSTINI/IOOOOO.O 

IF IKSP-1) 2201.2329.2201 

2329 00 2331 1>1.LS 

CSTTILI > CSTTILI/IOOOOO.O 
00 2330 N-l.NC 

2330 CSTIN.LI < CSTIN.L I /lOOOOO.O 

2331 CONTINUF 
GO TO 2201 

2150 IF IKPD-61 2201.2342.2201 

2362 CnSTT • COSTT/IOOOOOO.O 
no 2363 N>1.NC 

2363 COSTINI > COSTINI / 1000000.0 
IF IKSP-ll 2201,2344.2201 

2364 on 2346 L>1.LS 

CSTTILI « CSTTILI/ 1000000.0 
00 2345 N>1.NC 

2345 CSTIN.LI > CST( N.L I /lOOOOOO.O 

2346 CONTINUF 

2201 IF IKPOS-O) 2202.2205.2202 

2202 RSP « 1 

G0 TO 2220 

2205 IF IKPONS-Oi 2208.2206.2208 

2206 GO TO 3000 

2208 KSP « 0 

2220 LC ■ 0 

NRITF 16,22251 KITLE 
2225 FOPNAT I //1H1/,24X, 10A4///I 

IC « LC ♦ 6 

IF IKOOPO-ll 2260.2236.2260 

2236 N8ITE 16,22371 KODE At 1 1 1 .1 ICOOAI 1 1 . Jl . J>1 , 101 .KOOCSI 1 1 1 . 
•lICnOBI ll,JI,J>l,10l 

2237 FORMAT IllX.'THIS PRINTOUT COVERS COST COOESi • /11X.*C00E A » • 
• ,I1,*. '.lOAA/llK. 'CODE B - Stl.*, •'.10*4//^ 

LC > LC 4 6 

2260 IF IKPO-OI 2275.2265.2275 
2265 NRITE 16.22701 
2270 FORMAT I/I 
GO TO 2350 

2275 IF IKPO-II 2290.2280.2290 

2280 MRITE 16.22811 

2281 FORMAT I79X 'TENS 0F«l 

2289 GO TO 2350 ' 

2290 IF IRPO-21 2305.2295.2305 

2295 NRITE 16.22961 

2296 FORMAT I 76X. • HUNDREDS OF*l 
2306 GO TO 2350 

2305 IF IKPO-31 2320.2310.2320 

2310 NRITE 16,23111 

2311 FORMAT I T6X, 'THOUSANDS Oft 

2319 GO TO 2350 _ 

2320 IF IKPO-51 2335;2375.2335 

2325 MRITE 16,23261 

2326 FORMAT I 71X. 'HUNOREOS OF THOUSANDS OF'I 

2334 GO TO 2350 

2335 IF IKPD-61 2265,2340,2265 

2340 MRITE 16.23411 

2361 FORMAT I76X, 'MILLIONS OF'I 

2350 MRITE 16.23511 K'JNITS 

2351 FORMAT IllX.'MBS NUMBER* .18X. 'ITEM' ,35X. 2A6.A2 /'4*.10X. 

'.18X,' '.35X.' •//! 

LC > LC 4 3 

2250 IF IKSP-ll 2352.2251,2352 _ 

2251 MRITE 16,22521 

2252 FORMAT I 12X. • IPER 100 NO.I*l 
LG « LC 4 1 


C9 
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ISN 06S« ms 00 ctse 

ISM 0*40 KSeSILI • CSV ♦ L • t 

tse SMI m* S4SILI - rosui 

ISV 0M2 2M2 If ILS-RI «000>4000.«OM 

ISN 0«4> 4400 MRITC 14*40011 IROf SIU *1>1 *ISI 

fSN 0444 4001 fOOMTI 121*01 *t •* I2**l 

ISN 0«4S LC « LC « 2 

ISN 0444 RSfO > 1 

iSN 044T CO TO 5000 

ISN 0440 4005 IF (IS- 141 4010*4010*4020 

ISN 0645 4010 MRITE(4*4004I IRBF SHI *1-1 *01 

ISN 0420 4004 F0RN*r(l2X*i(M**t2**l**7lll 

ISN 04TI MllE (4*40041 (KOf S(LI *L-5*LSI 

ISN 0472 LC « 1C * 4 

ISN 0475 KSfO « 2 

(SN 0474 GO TO 5000 

ISN 0475 4020 MRITC (4.40041 (R8RSI1I *1-1 *01 

'ISN 0474 4025 MRITC (4*40041 (RBPSHI *1-5,161 

ISN 0477 4010 MRITC (4*40041 (KBRS(1I*1-1T.IS) 

(SN 0470 1C - 1C » 4 

(SN 0475 KSfO - 3 

ISN 0600 5000 MRITC (4.23441 COSTT 

ISN 0601 2344 fORNXM //24X* •PROGRAM TOTAl • *?5X,F t 2. !/•»• .2)X.50( •_• I I 

■"rSN 0402 1C « 1C • 2 

ISN 0403 MRITC (4*23451 (CSTTdl *1-1 *1SI 

ISN 0404 2345 FORMAT (4X.0Fll.il 

ISN 0485 (FdCRV.lE.OI CO TO 2374 

ISN 0407 CAll GRAPH(1,42.-1S.0PS*CSTT,NAMX.NAHV.IT1EI 

(SN 0480 GO TO 2376 

iSli 0405 2152 MR(TC (4.23531 COSTT 

ISN 0450 2153 FORMAT I 24X. •PROGRAM TQTAl «.21X.F 12. 1 /•»• .23X.44I •.*! I 

(SN 0451 1C - 1C » 1 

ISN 0452 (» TO 2300 

ISN 0453 2376 IF (KPOS-U 23TT.2304.23T7 

ISN 0654 2377 IF (RPOS-21 2370.2305*2370 

iSN (1655 2370 IF (KPOS-31 2375.2304*2375 

ISN 0654 2375 (F IKPOS-41 2307.2307*2307 

(SN 0657 2300 IF (KPONS-ll 2301*2304*2301 


ISN 0650 2301 IF (KPONS-21 2302*2305*2302 

(SN 0655 2302 IF (KPQNS-31 2303*2304*2303 

(SN 0700 2303 IF (KPONS-41 2307*2307*2307 

ISN 0701 2304 lEV « 1 

ISN 0702 GO TO 2400 

"ISN 6703 2305 ICV - 2 

ISN 0704 GO TO 2400 

ISN 0705 2306 lEV - 3 

tSN 0706 GO TO 2400 

ISN 0707 2307 lEV > 4 

(SN 0708 2400 00 2530 N-l.NC 

ISN 0705 IF (K00(N>-1I 2405.2401*2405 

ISN 0710 2401 IF(R(N.4I-1I 2530.2402*2530 

ISN 0711 2402 IFIIXIN. 71/1001 - II 2405,2403.2405 

ISN 0712 2503 IF (C0STIKIN.5II-0.0I 2405.2530.2405 

ISN 0713 2405 NP - KIN. 51 

ISN 0714 2410 IF IK(N. 21-01 2470*2470*2411 

'ISN 0715 2411 If (KIN. 31-01 2412*2412*2413 

ISN 0716 2412 IF llEV-21 2530.2550*2550 

ISN 0717 2413 IF |K(N.4I-0I 2414*2414*2415 

ISN 0718 2414 IF (LFV-31 2530*2450.2450 

ISN 0715 2415 IF ILEV-41 2530.2755*2755 

(SN 0720 2470 IF IKSP-ll 2471.2472*2472 

ISN 0721 2471 MRITC I6,2500I(K(N*II*I-1*4I.INANEINP.JI*J-1*4I*C0STINPI 

ISN 0722 2400 FORMAT I //10X.3I 12* •.* I.12.3X.SA4* A3* 11X.F12. 1 I 

ISN 0723 LC - LC 4 3 

ISN 0724 GO TO 4000 

ISN 0725 2472 LC * LC 4 3 ♦ KSPO 

ISM 0726 IF ( LC-351 2473.2474*2474 

ISN 0727 2474 MRITC (4*24751 

ISN 0728 2475 FORMAT IIHII 

ISN 0725 LC > 3 4 RSPO 

ISN 0730 2473 MR17F (4*24011 (R(N* 1 1 *1-1*41 . (NAMEIMP, Jl * J-1*4I.C0ST (NPI 

ISN 0731 2481 FORNAT(//10X*3( 12* •. •I.I2.3X.5A4* A3*llX*F12.1/'4** 5X*40(^.*II 

(SN 0732 2510 MRITC (4*25111 (CST(NP*ll,i«(*LSI 

ISN 0733 2511 raHMAT ISX.OFIUII 

(SN 0734 2515 GO TO 2530 

ISN 0735 2550 IF (RSP-ll 2551*2552*2552 
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